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Abstract of a thesis submitted in partial fulfilment of the requirements 
for the Degree of Doctor of Philosophy 
STUDIES ON THE REPRODUCTION OF FARMED 
FALLOW DEER (DAMA DAMA) 
by 
G.W. Asher 
The studies described in this thesis investigated physiological and 
behavioural aspects of reproduction in farmed fallow deer. 
The initial studies examined puberty. pubertal development in 
fallow does (Section 2.1) was associated with a significant rise in mean 
serum progesterone levels between 10 and 15 months of age, which declined 
back to earlier prepubertal levels immediately before the onset of 
oestrous activity at 16 months of age. Almost all (55/56) pubertal does 
.. exhibited fi rst oestrus .at, or close to, 16 months of age and the mean 
date of this oestrus was not significantly different from that of first 
oestrus of the breeding season for older does. Prepubertal fallow bucks 
(Section 2.2) exhibited a markedly seasonal growth pattern, with entire 
bucks growing at a significantly greater rate than castrated bucks from 9 
months of age. Both groups of bucks showed a progressive increase of 
serum testosterone and androstenedione levels from 12 months of age. 
However, whi Ie this increase was sustained until 16 months of age in the 
entire bucks, the castrated bucks exhibited a more transient and lower 
magnitude elevation of serum testosterone levels between 12 and 14 months 
of age. Castrated bucks failed to develop pedicles. 
Other aspects of reproductive physiology were investigated in adult 
animals. First oestrus of fallow does (Section 3.1) was naturally 
synchronised within a 12 day period in late April to early May. Mean 
length (±Sd) of the first oestrous cycle was 21.0~.64 days, but mean 
cycle length increased significantly as the breeding season progressed. 
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The duration of the breeding season was 65-135 days (3-6 oestrous cycles) 
and was positively related to doe age. There was an indication that one 
or more short-lived luteal cycles from silent ovulations occurred before 
first oestrus and these may have helped to synchronise this oestrus. 
Some does appeared to have silent ovulations at the termination of the 
breedi ng season. 
Hormonal changes around oestrus were investigated by hourly blood 
sampling of six fallow does (Section 3.2). The preovulatory luteinizing 
hormone (LH) surge was initiated an hour before the onset of oestrus and 
there was an indication of a small rise in progesterone secretion at the 
onset of oestrus. However, serum oestradiol-17e levels showed wide 
variation during the sampling period (46 hours) with only a slight 
tendency t6 rise at the onset of oestrus. Serum androstenedione levels 
exhibited a marked elevation (2x basal levels) immediately at the onset 
of oestrus and remained elevated for a further 6 hours. It is proposed 
that androstenedione may be influential in the expression of oestrous 
behaviour. 
Conception rates, gestation lengths and liveweight/serum 
progesterone profi les during the gestating period were examined (Section 
3.3). Over a 2 year period,82.7% of does run with fertile bucks 
conceived at first oestrus matinys and 96.0% conceived by second or third 
oestrus matings. There were no significant effects of fawn sex, doe age 
or sire on gestation length and the mean (±sd) overall length (n=88) was 
234.2±2.7 days. In 1983, pregnant does (n=55) exhibited marKed 
liveweight gains (+10 kg) during the third trimester of pregnancy, 
whereas non-pregnant does (n=14) showed only slight gains (+2 kg) over 
the same period. Pregnant does maintained high levels of serum 
progesterone (>5 ng/ml) during gestation, while non-pregnant does 
exhibited cyclical fluctuations of progesterone secretion during the 
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breeding season (April to October) but low levels «1.0 ng/ml) at th~ 
cessation of cyclic activity. 
The annual cycles of liveweight, neck girth and serum testosterone 
levelS of adult entire and prepubertally castrated fallow bucks were 
investigated in addition to the annual cycles of testis size and 
spermatozoal production of the entire bucks (Section 3.4). Entire bucks, 
which were always significantly heavier (14-18%) than the castrated 
bucks, exhibited marked liveweight changes, with most rapid liveweight 
gains occurring over spring and summer months (October to February) and 
marked liveweight losses during the rut period (Apri I-May). Castrated 
bucks exhibited similar, but less pronounced, liveweight changes. 
Furthermore, pre- and post-rut changes in neck girth and serum 
testosterone levels observed 'in entire bucks were apparent to a lesser 
degree in castrated bucks. However, there was no evidence of 
testosterone secretion in adult castrated bucks. Testicular diameter 
measurements of entire bucks were poorly correlated with liveweight. The 
seasonal pattern of changes in testicular size was similar to that for 
neck girth, both presumably reflecting the observed pattern of 
testosterone secretion. While there was no significant seasonal 
variation in mean ejaculate volume (collected by electro-ejaculation), 
there was considerable variation in spermatozoal characteristics. Viable 
spermatozoa were absent during summer months (November to January). 
However, concentrations of viable spermatozoa increased progressively 
from about February, two months before the rut, and reached peak 
concentrations in September, four months after the rutting period. 
Rutting behaviour of fallow bucks was observed in 1983 (Section 
4.1). Groaning vocalisations occurred only during the period of first 
oestrus matings (~14 days) and there was a close association between the 
intensity of groaning activity on anyone day and the number of does 
exhibiting oestrus on that day. Over a 40 day period spanning the period 
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of first oestrus matings, there were marked changes in primary 
activities. Of particular interest were the significant decrease in 
grazing activity immediately before and during the mating period and the 
associated significant increases in standing, walking, investigatory and 
agonistic activities. There was a 25% loss of buck liveweight associated 
with rutting activity. 
Mating sequences of fallow deer were recorded on 21 occasions in 
1983 (Section 4.2). Most does were observed to exhibit characteristic 
pre-oestrous behaviour, including fence pacing and aggression towards 
herd mates, between 12 and 24 hours before the onset of oestrus. Overt 
oestrus was always associated with fervent self-grooming (preening) 
behaviour by the doe and a marked change in receptivity towards the 
sexual advance~ of the buck.' Courtship was characterised by repeated 
non-copulatory mounts by the buck(~ean ±sd = 16.4~.8 mounts including 
copulation), although the mean (±sd) interval from the first mount to 
copulation was only 14.8±10.4 minutes. The mount to service ratio was 
higher than reported for other cervid specie~, although the courtship 
interval was simi lar. Oestrus and courtship were apparently terminated 
at copulation. 
The allocation of primary activities during the mating season was 
investigated in 1983 for 60 fallow does (Section 4.2). While there was 
significant circadian variation in group grazing, resting, standing and 
walking activities, there were only minor changes in group daily activity 
allocations during a 40 day period spanning the mating period. 
Artificial manipulation of reproductive seasonality was investigated 
in a series of experiments. In the first experiment (Section 5.1) there 
was no apparent effect of the date of pre-rut buck introduction to mating 
groups on the onset of oestrus or the incidence of silent ovulations in 
does. 
v 
In the second experiment (Section 5.2) fertile oestrus was induced, 
three weeks before that of control does, in 20/21 (95.2%) does each 
treated intravaginal Iy with a progesterone CIOR (14 days) followed by an 
i.m. injection of 500 i.u. PMSG. Ovulation rates ranged from 1 to 4 but 
were inversely related to PMSG dose/kg liveweight. Non-ovulating, 
luteinized follicles were a feature of PMSG treatment, particularly at 
higher dose rates and only 3/21 (14.3%) does conceived at the induced 
oestrus. Non-conceiving does returned to oestrus 21-27 days later, with 
the length of the oestrous cycle being positively related to the relative 
mass of luteinized structures. Does with multiple corpora lutea had 
higher serum progesterone levels during the oestrous cycle than does with 
a single corpus luteum. There was an indication that induced does 
influenced theonsef of oestrous activity in herd-mate controls. 
In the third experiment (Section 5.3) fertile oestrus was induced, 
eight weeks before that of untreated does, in 6/13 (46.2%) does treated 
with progesterone CIDRs followed by the continuous infusion of GnRH 
(125 ng/h or 250 ng/h) via osmotic minipumps. However only one (16.7%) 
of these does conceived and produced a viable fawn. The remaining does 
returned to anoestrum until the onset of the natural breeding season. 
In the fourth experiment (Section 5.4) daily oral administration of 
melatonin to entire fallow bucks during summer was successful in 
advancing temporari Iy some aspects of reproductive seasonality. In 
particular, treated bucks exhibited a transient phase of accelerated neck 
hypertrophy and earlier initiation of spermatozoal production. 
...,. ---~- - ~ .. -
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SECTION ONE 
INTRODUCTION 
2 
1.1 Introduction 
= 
1.1.1 Fallow deer reproduction 
The first commercial fallow deer (Dama dama) farm in New Zealand was 
established near Auckland in 1969 (Spiro, 1979) and by 1980 there were 
approximately 14,000 farmed fallow deer, accounting for 14~ of the 
national farmed deer herd (Gladden, 1981). The main factor presently 
limiting the growth of the industry is undoubtedly the limited supply of 
breeding females, as presently (1986) there are probably only 10,000 to 
15,000 fallow does on farms (Fallow Deer Forum, Auckland, October 1985) 
and feral deer sources have been drastically depleted (Challies, 1985). 
As a consequence of a liS hort supply - hi gh demand" s ituat ion, breedi ng 
does (i .e. >16 months of age) have retained a high commercial value 
relative to the carcass value of a fallow buck. Therefore, the need to 
optimise reproductive perforrnance from valuable breeding stock has tended 
to dominate farmers ' views on productivity even though venison is clearly 
the ultimate product of the industry. 
Following an investigation into reproductive rates and fawning dates 
of fallow does on several northern New Zealand farms (Asher & Adam, 1985) 
it was apparent that reproductive performance was highly variable and 
generally below farmers ' expectations. However, elucidation of the 
causal factors was hampered by the paucity of information on basic 
ecological, behavioural and physiological aspects of fallow deer 
reproduction. The available information tends to be fragmentary and 
superficial, being based almost entirely on the examination of killed 
deer from wild or park populations, anecdotal accounts or inference from 
information on other cervid species. 
Recently there has been considerable. interest in artificial control 
of the fawning season of fal low deer in order to align peak pasture 
production in spring with the high energy demands of lactation. 
3 
Furthermore, the techniques of artifical breeding (i .e. artificia-I 
insemination and embryo transfer) have not gone unnoticed in relation to 
the importation of genetic material from overseas. However, both of 
these considerations are dependent upon an in-depth knowledge of 
reproductive physiology before commercial ventures can successfully be 
undertaken. 
1.1.2 : Outline of thesis 
The studies described in this thesis are an attempt to provide a 
descriptive account of various physiological and behavioural aspects of 
reproduction in farmed fal low deer. 
Section 2 describes an investigation of the attainment of puberty in 
both sexes by monitori ng growth and steroi d hormone profi -, es from bi rth 
to 18 months of age. 
Section 3 describes an investigation of physiological parameters 
associated with reproductive seasonality in does; in particular, the 
onset of ovulatory and oestrous activity, length and variability of 
recurrent oestrous cycles, duration of the potential breeding season, 
hormonal changes around oestrus, conception rates and gestation length. 
This section also describes a concurrent study on the reproductive 
seasonality of adult bucks by assessing changes in liveweight, 
testosterone secretion, testicular recrudescence and regression, 
spermatozoal production and secondary sexual characteristics. 
Section 4 details an investigation of behavioural and activity 
changes that are associated with the mating season (rut) in sire'bucks 
and breeding does. An account of mating behaviour is also provided. 
Section 5 details experimentation on artificial advancement of the 
onset of ovulatory and oestrous activity in does and seasonal 
reproductive activity of bucks. 
4 
1.2 literature review 
= 
1.2.1 Historical perspective of fallow deer farming 
The purposeful introduction of various cervid species into 
New Zealand during the latter years of last century has been well 
documented (Thomson, 1922; Donne, 1924; Wodzicki, 1950; Whitehead, 1972). 
As a result of these introductions, eight cervid taxa have become 
established as free-ranging (feral or wild) populations; namely red deer 
(Cervu~elaphus scoticus), wapiti (f.~. nelsoni), sika deer (~. nippon), 
rusa deer (f. timorensis), sambar deer (f. unicolor), moose (Alces 
alces), white-tailed deer (Odocoileus virginianus) and fallow deer. The 
current geographical distribution of these populations is described by 
Challies (1985}. 
Between the years 1864 and 1900, fallow deer were liberated at 
various localities throughout New Zealand in attempts to establish 
populations for recreational hunting purposes. Of about 25 known 
releases, involving over 130 fallow deer derived mainly from English park 
stock, 14 viable wild populations became established (Wodzicki, 1950; 
Christie & Andrews, 1966; Whitehead, 1972; Chapman & Chapman, 1975, 
Challies, 1985). The mean rate of dispersal of wild fallow deer in 
New Zealand has been estimated at 0.8 and 0.9 km per year (Caughley, 
1963; Clarke, 1976), which contrasts markedly with mean rates of 1.6 to 
11 km per year for red deer (Caughley, 1963; Clarke, 1971). Consequently 
fallow deer have colonised only those areas close to the point of 
original liberation and have retained discrete population boundaries 
(Wodzicki, 1950; Challies, 1985). 
During the early colonisation phase leading up to the late 1920's, 
various regional acclimatisation societies enforced laws protecting deer 
from indescriminate hunting (Donne, 1924). Consequently, some fallow 
deer herds attained very high population densities and, following the 
'."----'--".'.'---
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complete removal of protection from all deer in 1930, many thousands of 
animals were destroyed by government hunters (Wodzicki, 1950; Christie & 
Andrews, 1966). In more recent years, commercial harvesting of wild deer 
of all species, either by shooting for venison recovery or by live 
capture for stocking deer farms, has drastically reduced wild deer 
numbers throughout New Zealand (Challies, 1985). 
The development of red deer and fallow deer farming during the 
1970's was a logical progression from range harvesting. Efficient game 
recovery techniques utilising helicopters rapidly depleted wild deer 
numbers, to the extent that it became increasingly obvious that high 
venison yields c6uld not be sustained from wild populations alone 
(Sandrey & Zwart, 1983). Deer farming, therefore, was originally 
conceived ~s a means for maintaining venison yields to fulfil market 
quotas (Anderson, 1978). 
While the Oriental velvet antler market undeniably influenced the 
early development of the New Zealand red deer farming industry during the 
1970's (Yerex, 1981), it had little impact upon fallow deer farming 
because of the low value and yield of velvet antler from fallow deer 
compared with that of red deer (Anderson, 1978). From the initial 
establishment of fallow deer farming in 1969 until the early 1980's, 
surplus fallow bucks were generally harvested by shooting in farm 
paddocks and subsequently processed as range-harvested wild deer. This 
restricted the export of fallow venison to countries which accepted 
~game" products lacking documentation of ante-mortem inspection (e.g. 
West Germany). However, it was apparent that the financial returns for 
venison from farmed deer were likely to be higher if such documentation 
was provided. This, along with the greater degree of quality control 
that could be applied to farmed products, would permit the entry of 
farmed fallow venison into lucrative markets hitherto unattainable for 
wild game products (Yerex, 1981). 
'--, - .', 
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The establishment of export-licensed deer slaughter premises (DSP1s) 
in 1982 provided both ante- and post-mortem inspectation documentation 
for venison from farmed deer and, indeed, has opened up lucrative export 
markets (Yerex, 1982). It also heralded a new era in fallow deer 
farming. The lure of high financial returns from farmed fal low deer 
venison was ample incentive to instigate appropriate management regimens 
in order to maximise venison production and reproductive rates, and to 
develop systems for successfully handling and transporting fallow deer. 
Thus fallow deer farming has rapidly moved from the extensive IIranching" 
systems of the 1970 ls to an intensive form of pastora"1 farming utilising 
controlled grazing regimens, selective breeding practices and judicious 
animal health programmes. Currently, between 3,000 and 3,500 fallow 
bucks are slaughtered annually in the DSPls and approximately 50 tonnes 
of fallow venison are exported overseas (G. Christie; NZ Game Meats Ltd; 
pers. comm.). 
1.2.2 : Seasonal breeding strategy 
Seasonal breeding is a species-specific survival mechanism of 
animals whereby their offspring are born at the time of year when 
climatic conditions and feed availability most favour survival of the 
newborn (Sadlier, 1969; Lincoln & Short, 1980; Karsch ~.!l., 1984). 
Cervid species of northern temperate or arctic origin invariably exhibit 
strict annual seasonality of births, whereas species of equatorial origin 
tend to breed throughout the year in environments that are seasonally 
invariable with respect to temperature and feed availability (Lincoln, 
1985). As gestation length for each species is fixed, the ability to 
determine the date of parturition usually requires control over the time 
of conception, necessitating a seasonally delineated mating period. Such 
patterns of reproduction are genetically fixed, as species transferred to 
different seasonal habitats do not exhibit changes in seasonality of 
.< .. '.'" : 
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conceptions and births (Marshall, 1937; Bedford & Marshall, 1942; 
Zuckerman, 1953). 
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In cervids, reproductive seasonality manifests itself in many ways. 
Characteristically, females exhibit a limited season of potential 
oestrous cyclicity (e.g. red deer; Guinness, Lincoln & Short, 1971) while 
males exhibit profound annual antler and spermatogenic cycles (e.g. red 
deer; Lincoln, 1971a). 
1.2.3 : Photoperiodic control of reproductive seasonality 
While seasonal changes in temperature, rainfall and food 
availability are the environmental factors that dictate survival of young 
animals, and are therefore ultimately responsible for dictating the 
timing of the birth season, these are not necessarily the factors used as 
cues by animals to regulate their reproductive cycles. Since accurate 
timing of conception is important, animals have tended to become reliant 
on environmental cues which are the best indicators of the time of year. 
The majority of mammalian species that have evolved in temperate and cold 
climates show changes in reproductive activity in response to seasonal 
changes in the length of daylight (see: Thibault ~~., 1966). The 
annual rhythms of "daily photoperiod" are very constant at a given 
locality and these changes, therefore, provide the proximate 
environmental cues that allow for precise timing of the mating season 
(see: Lincoln & Short, 1980; Karsch ~~., 1984). 
Marshall (1937) and Bedford & Marshall (1942) considered that 
seasonal reproductive changes in sheep and red deer were control led by 
photoperiod, since when these species were relocated from the northern to 
southern hemisphere (i.e. Britain to New Zealand) they rapidly readjusted 
their cycles by six months. A similar argument has been applied to 
fallow deer (Chapman & Chapman, 1975). Yeates (1949), using'artificially 
reversed daily photoperiodic regimens, demonstrated convincingly that 
decreasing daily photoperiod stimulates the onset of oestrous cyclicity 
8 
in ewes, while increasing daily photoperiods causes cessation of oestrous 
activity. Subsequent studies on various temperate cervid species, using 
artificial manipulations of daily photoperiod, have shown that light has 
an important role in the timing of seasonal events; such as antler cycles 
of red deer (Jaczewski, 1954; Blaxter et !l., 1974; Pollock, 1975; 
Simpson, Suttie & Kay, 1983/84), sika deer (Goss, 1969a, 1969b, 1976, 
1977, 1980; Goss & Rosen, 1973) and white-tailed deer (French ~~., 
1960; Budde, 1983), puberty of female red deer (Webster & Barrell, 1985) 
and white-tailed deer (Budde, 1983), and rutting behaviour, testicular 
development and blood testosterone levels of red deer stags (Blaxter ~ 
~., 1974; Pollock, 1975; Simpson, Suttie & Kay, 1983/84). 
Furthermore, pinealectomy (removed of the pineal gland) of 
white-tailed de~r has been shown to alter the timing of seasonal cycles 
of antler development, testicular size and testosterone and prolactin 
secretion (Mazur, 1973; Brown, Cowan & Kavanaugh, 1978; Plotka ~~., 
1979; Schulte et !l., 1981; Snyder ~!l., 1983). Likewise, cranial 
cervical ganglionectomy (removal of the cranial cervical ganglia, thus 
removing the sympathetic inervation of the pineal gland) of red deer 
stags initially delayed the antler cycle by two to three months (Lincoln, 
1985) • 
However, both pinealectomised and ganglionectomised deer still 
exhibited annual breeding cycles, even if they were somewhat abnormal in 
the first year following surgery (Plotka et !l., 1979; Lincoln, 19f35). 
Similarly, sika deer stags maintained under constant short or long daily 
photoperiods exhibited annual antler cycles (Goss & Rosen, 1973; Goss, 
1977) although not while maintained under constant equatorial (i.e. 12 h 
light 12 h dark) photoperiods (Goss, 1969b, 1977). Furthermore, 
Lincoln (1985) found that long term ganglionectomised red deer stags 
tended to exhibit normal seasonality of rutting activity under natural 
daily photoperiodic changes and showed normal antler responses to 
.;"',>".-. ~'-'-
'; 
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artificially lengthened daily photoperiods (i.e. antler casting and 
subsequent regrowth). These studies, along with the fact that some 
tropical cervid species have asychronous but annual antler cycles (e.g. 
axis deer; Goss, 1963), indicate that for cervids there may be a genetic 
mechanism which generates a long-term circannual cycle in gonadal 
activity (Goss & Rosen, 1973; Lincoln, 1985). If this rhythm is 
generated endogenously, then under natural conditions the effect of daily 
photoperiodic changes or other environmental cues merely may be to 
entrain reproductive cycles and synchronise the breeding season (Lincoln, 
1985). 
1.2.4 : The pineal-hypothalamus - pituitary axis 
(i) The pineal gland: It has been well established that the pineal 
gland is involved in the photoperiodic regulation of reproduction in 
mammals (see reviews: Reiter, 1980; Preslock, 1984; Quay, 1984). Studies 
involving pinealectomy or cranial cervical ganglionectomy in rams 
(Barrell & Lapwood, 1979a, 1979b, 1979c; Lincoln, 1979b), ewes 
(Cardinali, Nagle & Rosner, 1974; Karsch, Bittman & Legan, 1981) and deer 
(refer to Section 1.2.3) have clearly demonstrated that the pineal gland 
is influential on the reproductive seasonality of these animals. Photic 
information from the environment is transmitted from the retinal cells of 
the eyes, via the optic nerves and connections in the brain stem, to the 
cranial cervical ganglia, and thus to the pineal gland (Wurtman & 
Moskowitz, 1977; Preslock, 1984; Karsch et !l.s 1984). A number of 
enzymes within the pineal gland are active during darkness and relatively 
inactive during daylight hours, including N-acetyltransferase (Klein & 
Weller, 1970) and hydroxyindole-O-methyltransferase (Wurtman, Axelrod & 
Kelly, 1968). These enzymes are responsible for the conversion of 
serotonin (5-hydroxytryptamine) to melatonin 
(N-acetyl-5-methoxytryptamine) which accumulates within the pineal gland 
at night (Lynch, 1971). Recent studies with sheep indicate that the 
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nocturnal secretion of melatonin from the pineal gland plays a key role 
in mediating the effects of photoperiod on reproduction. In ewes and 
rams there is a marked increase in the peripheral blood levels of 
melatonin at night (Rollag & Niswender, 1976; Kennaway, Porter & Seamark, 
1978; Rollag, O'Callaghan & Niswender, 1978; Arendt, ~ymons & Laud, 1981; 
Lincoln ~!l., 1982; Almeida & Lincoln, 1982, 1984; Bittman, Dempsey & 
Karsch, 1983), therefore changes in the circadian pattern of secretion 
reflect seasonal changes in the length of the circadian period of 
darkness. This has been demonstrated also in sheep under artificial 
lighting (Rollag & Niswender, 1976; Lincoln, Almeida & Arendt, 1981; 
Lincoln ~!l., 1982). Furthermore, in sheep pinealectomy or cranial 
cervical ganglionectomy has been observed to reduce nocturnal blood and 
urinary levels of melatonin (Arendt ~!l., 1980; Lincoln & Short, 1980; 
Seamark ~!l., 1981; Lincoln & Almeida, 1982; Lincoln ~!l., 1982). 
Studies by Bittman, Dempsey & Karsch (1983), in which melatonin was 
infused into pinealectomised, ovariectomised ewes implanted with 
oestradiol, indicated that melatonin controlled the capacity of 
oestradiol to inhibit luteinizing hormone (LH) secretion. An increase in 
the duration of melatonin infusion produced a reduction in the negative 
feedback effects of oestradiol (see Section 1.2.5) on LH secretion. This 
outlined a mechanism which could account for pineal mediation of seasonal 
breeding. Kennaway ~!l. (1983) and Bittman & Karsch (1984) have 
subseqUently suggested that the circadian pattern of melatonin secretion 
is important in determining the reproductive response to photoperiod. 
However, experiments with artificially manipulated photoperiods on sheep 
have indicated that if a light pulse of one hour is given 17 hours after 
dawn during a short daily photoperiod (i .e. 8L : 9D : lL : 6D), the 
photoperiod is perceived as a long day (Ravault & Ortavant, 1977; 
Schanbacher & Crouse, 1981; Thimonier, 1981). Similarly, Lincoln (1978b) 
demonstrated the induction of testicular growth and sexual activity in 
,---- \-
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rams by exposing them to a "skeleton" short daily photoperiod (i.e. 
Ill: 10 : 5L : 70) for 16 weeks following long daily photoperiod 
exposure (i.e. 16L : 80). These trials suggest that a circadian rhythm 
in photosensitivity occurs in sheep, similar to that which occurs in many 
plants, insects and birds (Follet, 1973). It has been suggested that a 
light-sensitive phase ("photoinducible phase" : Ravault & Ortavant, 1977) 
occurs relative to a dawn signal. Therefore, the timing of changes in 
the level of melatonin secretion from the pineal gland also may be 
important (Arendt, Symons & Land, 1981). 
In many mammals, a period of sensitivity to the prevailing 
photoperiodic regimen is followed by a period of insensitivity to that 
same regimen. For example, gonadal regression follows photic-induced 
gonadal development even though the animals are maintained in a 
stimulatory photoperiod (Turek & Campbell, 1979). Furthermore, Stetson, 
Watson-Whitmyre & Mat (1977) demonstrated that in order to become 
responsive to inhibitory photoperiodic regimens, hamsters must be exposed 
(or "sens it i sed") to an oppos ite photope ri od i c reg; men for at 1 east 11 
weeks. This phenomenon has been termed "photorefractoriness" and has 
been observed in rams (Lincoln & Short, 1980; Almeida & Lincoln, 1984) 
and ewes (Robinson & Karsch, 1984; Robinson, Wayne & Karsch, 1985). The 
initiation of seasonal breeding by refractoriness to formerly inhibitory 
day lengths has been considered a strategy that allows animals to begin 
gonadal recrudescence substantially in advance of the breeding season 
(Robinson, Wayne & Karsch, 1985). The mechanism behind 
photorefractoriness is not clearly understood (Lincoln & Short, 198U; 
Robinson & Karsch, 1984). 
The refractory condition and the fact that some 
photoperiodically-entrained species exhibit annual gonadal cycles in the 
absence of a change in photoperiodic conditions (e.g. ewes; Ducker, 
Bowman & Temple, 1973) clearly demonstrate that the 
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neuroendocrine-gonadal axis is not simply a passive system driven by the 
annual photoperiodic cycle, but involves an endogenously driven circanual 
rhythm that is entrained or IIreset" by the annual photoperiodic cycle 
(Lincoln & Short, 1980; Karsch et !l., 1984). 
(ii) The hypothalamus: The hypothalamus, situated in the diencephalon 
region of the brain, has a major role in the control of reproductive 
cycles in mammals by stimulating the anterior lobe of the pituitary gland 
to secrete gonadotrophins which in turn regulate the activity of the 
gonads. The endocrine neurons within the hypothalamus synthesise 
hormones that either stimulate or inhibit release of other hormones from 
the anterior pituitary gland. These releasing or inhibiting hormones are 
discharged from nerve terminals in the median eminence of the 
hypothalamus, where they diffuse into the capillaries of the 
hypothalamo-hypophyseal portal vessels. From there they are carried in 
the vascul ar plexus that surrounds the pituitary stal k and di stri buted to 
cells throughout the anterior pituitary gland (see: Karsch, 1984). The 
hypothalamic hormone of prime concern to the reproductive process is 
gonadotrophin-releasing hormone (GnRH), a deca-peptide which stimulates 
the release of both LH and follicle-stimulating hormone (FSH) from the 
pituitary gland, although these two gonadotrophins can differ markedly in 
their pattern of response to GnRH (e.g. sheep: Lincoln, 1979a). As yet 
no hypothalamic hormone has been identified that acts on the pituitary to 
inhibit LH and FSH secretion (Karsch, 1984). 
Discovery of the episodic nature of tonic gonadotrophin release by 
the pituitary gland (see Section 1.2.5) has led to the concept that this 
mode of secretion is governed by episodic GnRH release by the 
hypothalamus. Injection of GnRH antibodies into rams caused an immediate 
blockade of the episodic fluctuations of both LH and testosterone, 
providing evidence that GnRH in some way controls these pulses (Lincoln & 
Fraser, 1979). Bremner et!l. (1976) found-that continuous infusion of 
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exogenous GnRH failed to evoke a pulsatile pattern of LH secretion. 
However, numerous studies on rams (Lincoln, 1976, 1978a, 197Ya, 1979c) 
and ewes (McNatty et ~., 1981, 1982; McLeod, Haresign & Lamming, 1982a, 
1982b) have shown that pulsed injections of GnRH evoked corresponding 
pulses of LH secretion. Other studies in sheep have shown that there is 
a direct temporal relationship between the pulsatile secretion of 
endogenous GnRH in hypothalamic-hypophyseal portal blood and the episodic 
peaks of LH in the peripheral blood (Clarke & Cummins, 1982; Levine 
et ~., 1982). 
Furthermore, prolonged GnRH pulse-injection treatments in both 
seasonally quiescent rams (Lincoln, 197Yc) and anoestrous ewes (McNatty 
~~~., 1981, 1982; McLeod, Haresign & Lamming, 1982a, 1982b) have 
resulted iri reinstatement of· peak reproductive competence similar to that 
seen in response to short daily photoperiods. It is generally assumed, 
therefore, that a change in the frequency of release of GnRH is the 
principle way in which the hypothalamus dictates the seasonal changes in 
gonadotrophin secretion and thus reproductive activity. 
However, there is also a seasonally changing pattern of pituitary 
response to GnRH. Synthetic GnRH challenge (single 1000 ng injection) to 
rams during the breeding season induced high amplitude - short duration 
LH release during the early testicular regression phase (i .e. long daily 
photoperiods) and low amplitude - long duration LH release during the 
period of maximum testicular activity (i.e. short daily photoperiods) 
(Lincoln, 1977). These observations indicate seasonal changes in both 
the synthetic activity and secretory capacity of the pituitary cells. 
These changes would be expected, since GnRH controls the synthesis of LH 
as well as its release, and the endogenous basal secretion of GnRH is 
thought to be increased during the active phase of the sexual cycle 
(Lincoln, 1977). It could, therefore, be the basal levels of GnRH that 
modify the pituitary response to GnRH pulses. 
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In addition to the tonic secretion of GnRH, a "surge" system is 
believed to produce the "preovulatory" LH surge in females (see Section 
1.2.5). Investigations by Cummins & Clarke (1983) and Schillo et !l. 
(1985) have shown an increase in GnRH secretion from the hypothalamus 
either just prior to or during the preovulatory LH surge in sheep. 
However. it has been suggested that the positive feedback action of 
oestradiol that initiates the preovulatory LH surge in ewes (see Section 
1.2.5) also acts at the pituitary level because this steroid has been 
shown to increase pituitary responsiveness to GnRH (Jackson, 1975; 
Coppings & Malven, 1976; Huang & Miller, 1980) and increase GnRH binding 
capacity by the pituitary (Crowder & Nett, 1984). It is conceivable that 
both levels of control operate during the preovulatory LH surge. 
(iii) Photoperiodic control of the hypothalamus: Whether melatonin from 
the pineal gland has a direct effect on the secretory activity of the 
hypothalamus or an indirect effect (e.g. via the secretion of pineal 
peptides such as arginine vasotocin) has yet to be established (Preslock. 
1984; Quay. 1984). 
A number of reports indicate that at least part of the 
photic-induced change in pituitary gonadotrophin release may be due to an 
alteration in the sensitivity of the hypothalamus to negative feedback by 
steroids. For example. exposure of sheep to a non-stimulatory 
photoperiod renders the hypothalamus-pituitary axis extremely sensitive 
to the negative feedback of steroid hormones (Pelletier & Ortavant, 1975; 
Legan, Karsch & Foster. 1977; Legan & Karsch, 1979). 
However, other studies suggest that photoperiod can alter 
hypothalamic-hypophyseal-gonadal activity independently of steroid 
hormones. Lincoln & Short (1980) demonstrated that following castration 
of rams, increases in plasma LH levels due to the removal of'inhibitory 
steroids occurred more rapidly in animals exposed to short daily 
photoperiods than in animals exposed to long daily photoperiods. 
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Furthermore, exposure of castrated rams to alternate photoperiodic 
regimens elicited changes in LH and FSH secretion. This effect has been 
observed in a variety of seasonally breeding mammals (Turek & Campbell, 
1979) and does not appear to be due to adrenal steroid secretion (e.g. 
hamsters; Ellis & Turek, 1978). The mechanism behind steroid independent 
control (li central inhibition") remains a mystery. Although endogenous 
opioid peptides (e.g. a-endorphin) have recently been implicated as 
having a major role in regulation of tonic LH secretion in rams (Ebling, 
& Lincoln, 1985; Schanbacher, 1985) and ewes (Schillo, Kuehl & Jackson, 
1985), this regulation appears to involve steroid negative feedback and 
it is doubtful that opiates mediate steroid-independent LH release (see 
Bicknell, 1985). 
(iv) ~halamic control of reproduction in cervids : The role of the 
hypothalamic secretion of GnRH on reproductive seasonality of deer has 
received little scrutiny in comparison with the work that has been done 
with sheep. However, there is ample evidence that the ovine and cervine 
systems have many common features. Injections of synthetic GnRH into the 
peripheral blood system stimulated an increase in LH concentration in red 
deer (Lincoln & Kay, 197Y; Kelly et ~., 1982; Suttie, Lincoln & Kay, 
1984) and white-tai I ed deer (Plotka et ~., 1979). Furthermore, as with 
rams (Lincoln, 1977), there were seasonal changes in the responsiveness 
of the pituitary of red deer stags to GnRH challenge and of the testis to 
endogenous LH (Suttie, Lincoln & Kay, 1984). In another study, active 
immunisation of red deer stags against GnRH resulted in early antler 
casting, testicular regression, reduced plasma testosterone levels and 
sexual retardation. Furthermore, there was a correlation between GnRH 
antibody titre and the degree of sexual retardation, plus a subsequent 
return to normal reproductive seasonality following the decline in titres 
(Lincoln, Fraser & Fletcher, 1982; Lincoln, 1985). Similarly, drugs such 
as methallibure and medroxyprogesterone acetate (MPA) which modify the 
',;,-' 
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normal secretion of LH (probably via modified secretion of GnRH), have 
been shown to inhibit testicular development and rutting behaviour, and 
influence the antler cycle in black-tailed deer (Odocoileus hemionus : 
i.e. methallibure treatment; West & Nordan, 1976b) and red deer (i .e. MPA 
treatment; Muir, Barrell & Sykes, 1982). 
The results of these trials on deer are consistent with the view 
that seasonal breeding cycles in cervids are controlled by similar 
mechanisms to those of sheep. 
1.2.5 : Hormonal control of oestrus and ovulation 
(i) Introduction: the oestrous cycle: For a portion of each year 
seasonally breeding females exhibit periodic cyclicity of two temporally 
related events, oestrus and ovulation. This cyclicity manifests itself 
as "oestrous cycles" which are maintained only in the presence of 
stimulatory environmental cues (e.g. photoperiod) and in the absence of 
pregnancy. Oestrus describes the ~eriodic recepti~ity of the female 
towards the sexual advances of the male, whereas, ovulation relates to 
follicular maturation, rupture of the follicular wall and transmission of 
oocytes into the reproductive tract. For succesful fertilisation and 
conception to occur, oestrus and ovulation must occur close together. 
Hence, it is not surprising that these two phenomena are controlled by 
interrelated hormonal events. 
As the reproductive physiology of female cervids has not been 
extensively studied it is pertinent to review the literature on hormonal 
control of the oestrous cycle of sheep, a seasonally breeding ruminant 
which has received considerable scientific scrutiny. A generalised 
summary of the major temporal hormonal and ovarian events occurring 
during the ovine oestrous cycle is presented in Figure 1.1. 
(ii) The role of luteinizing hormone (LH) : The state and level of 
ovarian activity during the ovine oestrous cycle are functions of the 
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interaction that is known to exist between ovarian steroids and pituitary 
gonadotrophins. In particular, the pattern of secretion of LH from the 
pituitary gland has an important role in controlling oestrus and 
ovulation (see Martin, 1984). The pattern of circulating LH reflects the 
operation of two separate regulatory systems; a "tonic" system which 
continually produces relatively low level pulsatile discharge of LH and a 
"surge" system which generates the massive "preovulatory LH surge" once 
during each oestrous cycle. 
The tonic system of episodic LH secretion has only recently been 
studied extensively in the ewe. Episodic LH secretory pulses are 
generated during all the reproductive states that have been studied, 
including the luteal and follicular phases of the oestrous cycle (Baird 
~ .!l., 1976; Hauger, Karsch, & Foster, 1977; Bai rd, 1978), seasonal 
anoestrus (Scaramuzzi & Martensz, 1975; Martin, Oldham & Lindsay, 1980), 
lactational anoestrus (Wright et .!l., 1981) and before puberty (Foster,' 
Jaffe & Niswender, 1975; Echternkamp & Laster, 1976). However, episodic 
pulses of LH secretion vary in both amplitude and frequency with 
different reproductive states. During the anoestrous season and during 
the luteal phase of the oestrous cycle (Figure 1.1), the LH pulses are 
infrequent and of high amplitude compared with those observed during the 
follicular phase (Figure 1.1) of the oestrous cycle (Baird, Swanston & 
Scaramuzzi, 1976; Hauger, Karsch & Foster, 1977; Yuthasastrakosol, 
Palmer & Howland, 1977). It therefore seems likely that for ovarian 
follicles to develop from the small antral stage to the preovulatory 
stage, they require more frequent and/or smaller amplitude LH pulses 
(Martin, 1984). 
In the ovary of the ewe, LH stimulates the synthesis and secretion 
of androstenedione by the theca cells and the conversion of 
androstenedione to oestradiol-17e within the granulosa cells, from where 
the oestradiol is subsequently secreted (see reviews: Henderson, 1979; 
Baird & McNeilly. 1981}. Both androstenedione and oestradiol are 
secreted in a pulsatile manner in response to LH pulses (Baird et !l .. 
1976; Scaramuzzi & Baird. 1976. 1977; Baird. 1978). However. a 
"feedback" mechanism exists in which ovarian steroids (principally 
oestradiol in the ewe) limit the output of the hypothalamic-pituitary 
system. Thus. in order to reduce the supply of gonadotrophins, 
oestradiol (often synergistically with progesterone) exerts a negative 
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feedback effect. This leads to a dynamic equilibrium between the tonic 
secretion of gonadotrophins and ovarian secretion of steroids (Niswender 
et !l .. 1968; Scaramuzzi, Caldwell & Moor, 1970; Scaramuzzi et !l., 1971; 
Radford & Wallace, 1974). 
There is also a positive feedback system in which high levels of 
ovarian oestradiol during th~ follicular phase of the oestrous cycle, in 
the absence of high levels of progesterone (Figure 1.1), evoke an 
increase in gonadotrophin secretion leading to the preovulatory LH surye 
(Moore et !l., 1969; Scaramuzzi, Caldwell & Moor, 1970; Obst, Seamark & 
Brown, 1971; Cox, Mattner & Thorburn, 1971). A high level of circulating 
progesterone inhibits the positive feedback effect of oestradiol. so that 
the preovulatory LH surge cannot occur during the luteal phase of the 
oestrous cycle (Bolt, Kelley & Hawk, 1971; Symons, Cunningham & Saba, 
1973) or in the presence of exogenously derived progesterone (Scaramuzzi 
et !l., 1971). Following luteolysis, when the production of progesterone 
ends. oestradiol alone is unable to reduce the frequency of LH pulses 
during the breeding season (Karsch ~!l., 1980) and the amount of 
oestradiol secreted in response to each LH pulse increases (Baird, 1978; 
Goodman et !l., 1981). At some stage during the follicular period a 
specific combination of LH pulse frequency and steroidogenic response to 
each pulse causes the net rate of secretion of oestradiol to exceed the 
rate of clearance, so the concentration in the blood builds up (Baird, 
1978). Finally, perhaps at a critical concentration of oestradiol, or a 
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critical time after a certain concentration is reached, the responses to 
oestradiol change dramatically. The result is a sudden increase in both 
amplitude and frequency of LH pulses and a rapid increase in the overall 
concentration of LH in the blood (i.e. positive feedback), leading to the 
preovul atory LH surge (Karsch ~~., 1980). 
In ewes, the preovulatory surge is characterised by a rapid 10-100 
fold increase in peripheral venous plasma concentration of LH, from basal 
levels until a peak is reached after 4 to 8 hours, then a decline back to 
basal levels within the next 10 hours (Martin, 1984). The surge usually 
begins within a few hours of the onset of oestrus, but the interval 
between these events is dependent on breed (Land et ~., 1973; Bindon 
et ~., 1979). The interval between the onset of the surge and ovulation 
(-24 hours)~ on the other hand, is more constant (Wheatley & Radford, 
1969; Cumming et ~., 1971). 
The preovulatory LH surge acts back on the follicle to set in motion 
a cascade of events leading to rupture of the follicle, and hence 
ovulation. For an ovine follicle to rupture, the blood concentrations of 
LH need to increase from -1 ng/ml to >40 ng/ml for at least 4 hours-
(McNatty, 1983). 
(iii) The role of follicle-stimulating hormone (FSH) : Although FSH is 
required for antral follicular development (Greep, 1961), its exact role 
is ill-defined. In the adult non-pregnant ewe, the continuous secretion 
of FSH is sufficient to ensure a continuous growth and development of 
antral follicles to 3-5 mm size at all times of the year (Baird & 
McNeilly, 1981; McNatty, 1983). During the preovulatory period of the 
ovine oestrous cycle, FSH apparently influences the number of follicles 
that escape atresia. This has been demonstrated by monitoring the 
effects of artifical Iy increasing or decreasing ovarian exposure to FSH 
on ovulation rate (Henderson et ~., 1986). FSH is also thought to play 
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a role in oestradiol synthesis by switching on synthesis of the aromatase 
enzyme system (Dorrington, Moon & Armstrong, 1975). 
(iv) Hormonal control of the corpus luteum : Following ovulation, 
granulosa cells within the follicle undergo luteinization and the 
resultant endocrine gland, the corpus luteum, produces the tonic 
secretion of progesterone. The function of the corpus luteum in the ewe 
is under the dual control of opposing trophic and lytic influences which 
regulate its growth and regression (see review: Rothchild, 1981). 
Maintenance of the corpus luteum of the oestrous cycle is achieved by a 
luteotrophic complex involving prolactin and small amounts of LH 
(Kaltenbach et ~., 1967; Denamur, Martinet & Short, 1973), and there is 
evidence that the corpus luteum of pregnancy is sustained also by 
luteotrophins produced by the placenta (Perry et ~., 1976). 
Regression of the corpus luteum is brought about by prostaglandin 
F2a (PGF2a ; Figure 1.1) which is secreted from the uterine endometrium. 
PGF2a levels increase on day 14 of the oestrous cycle in the 
non-pregnant ewe and cause a marked decline in luteal progesterone output 
(Thorburn ~ ~., 1972; Flint & Hillier, 1975). However, the presence of 
an embryo at this time will prevent luteal regression (Moor, 1968; 
Thorburn ~~., 1972). The synthesis of PGF2a by the uterine 
endometrium appears to require a preceding period of progesterone 
dominance, and its release seems to be influenced by an increase in 
oestradiol secretion (Caldwell et ~., 1972; Flint & Hillier, 1975). 
(v) Hormonal control of oestrus: A progressive decline in circulating 
progesterone concentrations followed by rising oestradiol concentrations 
at the end of the oestrous cycle (Figure 1.1) are essential prerequisites 
for the expression of oestrous behaviour in the ewe (Robinson; 1951, 
1954b; Karsch et !l., 1980). Furthermore, declining blood progesterone 
levels may have a role in temporally synchronising behavioural oestrus, 
, 
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the preovulatory LH surge and ovulation (Scaramuzzi et !l., 1971; Baird & 
Scaramuzzi, 1976). 
While the androgens, testosterone and androstenedione, are secreted 
by the ovary during the preovulatory phase of the ovine oestrous cycle 
(Baird, Swanston & McNeilly, 1981) it remains unclear whether these two 
steroids have any direct physiological role (e.g. on oestrous behaviour) 
other than as intermediates in the biosynthesis of oestradiol (Peters & 
McNatty, 1980). This topic will be discussed later in this thesis 
(Section 3.2). 
(vi) Seasonal anoestrus and anovulation in sheep: It seems likely that 
seasonal anoestrus and anovulation in ewes results from an inadequate 
pattern of episodic LH secretidn and, therefore, a lack of adequate 
follicular maturation (Haresign & Lamming, 1978; Scaramuzzi & Baird, 
1'977; McLeod, Haresign & Lamming, 1982a, 1982b) which appears to be a 
consequence of hypersensitivity to the negative feedback of oestradiol on 
pituitary LH release (Roche et !l., 1974; Legan, Karsch & Foster, 1977). 
These workers found that the seasonal change in LH secretion from low 
pulse frequency during anoestrus to high pulse frequency during the 
follicular phase of the oestrous cycle required the presence of 
oestradiol, and they proposed a hypothesis whereby the occurrence of 
breeding or non-breeding seasons is governed by the changing capacity of 
oestradiol to provide a negative feedback (e.g. Legan & Karsch, 1979) 
with progesterone playing a major role only during the breeding season 
(Hauger, Karsch & Foster, 1977). 
(vii) Transitional events at the start of the breeding season: The onset 
of the breeding season in ewes is characterised by the occurrence of 
"si lent ovulations" (i .e. ovulations not preceded by oestrus) before 
first oestrus (Schnickel, 1954a, 1954b; Thorburn, Bassett & Smith, 1969; 
Robertson, 1977; Walton et !l., 1977) and these are due to the lack of 
, 
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priming by progesterone (e.g. Robinson, 1954c). Silent ovulations at the 
start of the breeding season also have been observed for several cervid 
species, including wapiti (Morrison, 1960b), moose (Simkin, 1965), 
white-tailed deer (Plotka et !l., 1977b, 1980; Harder & Moorhead, 1980) 
and black-tailed deer (Thomas & Cowan, 1975). However, there is some 
evidence indicating that silent ovulations are not necessarily a feature 
of the transition from anoestrus in red deer (Guinness, Lincoln & Short, 
1971; Adam, Moir & Atkinson, 1985). 
Some seasonally breeding ruminants, such as sheep (Dyrmundsson, 
1978; Knight, Tervit & Fairclough, 1981), goats (Camp et !l., 1983) and 
red deer (Guinness, Lincoln & Short, 1971) occasionally exhibit short 
oestrous cycles at the start of the breeding season. This transitional 
state before the reCurrence of full breeding competence possibly reflects 
inadequate pituitary support for the maintenance of the corpus luteum 
(Knight, Tervit & Fairclough, 1981) or inadequate follicular maturation 
due to insufficient gonadotrophin stimulation prior to ovulation (Camp 
et ~., 1983); both situations apparently resulting in premature 
regression of luteal function. 
(viii) Lactational influences on ovulation in red deer: The effects of 
lactation on ovulation have been investigated for only one cervid 
species: red deer. Lactation in red deer coincides with a 
photoperiodically controlled period of seasonal anoestrus (Lincoln & 
Short, 1980). Nevertheless, lactation may still exert an important 
effect on the return to oestrus as lactating hinds on poor quality hill 
pasture in Scotland may resume oestrus at a later date than non-lactating 
hinds and sometimes fail to ovulate (Mitchell & Lincoln, 1973; Mitchell, 
McCowan & Nicolson, 1976). It has been proposed that this reproductive 
failure is due to the effects of both lactation and poor nutrition on 
maternal body condition (Mitchell, Staines & Welch, 1977; Guinness, Albon 
& Clutton-Brock, 1978). However, Loudon, McNeilly & Milne (1983) and 
~.j...~;.... ... .:.--.... ~.:-:.< .... -
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Loudon & Kay (1984) found that lactating red deer hinds grazed on poor 
quality pastures had lower milk yields and returned to oestrus 
significantly later than lactating hinds on high quality pastures, yet 
there were no significant differences in liveweight. These investigators 
have proposed that the principal influence of low planes of nutrition is 
to increase the suckling frequency of the calf in response to a decreased 
availability of milk. It is this increased suckling frequency, and 
perhaps the associated increase in plasma prolactin levels, which is the 
major determinant of reproductive failure. This suckling - mediated 
mechanism for the control of fertility in red deer hinds is not 
universally accepted because the observed increase in prolactin secretion 
may not necessarily be the cause of impaired reproductive performance 
(Albon & lason, 1984). 
1.2.6 : Hormonal regulation of male reproductive cycles 
(;) General: Male cervids exhibit dramatic annual cycles of 
reproductive development and regression, such that peak reproductive 
competence coincides with the onset of oestrus of females. While the 
hormonal regulation of this cycle in male cervids has been studied more 
than reproductive cycles of female cervids, much of the present knowledge 
on gonadotrophic and steroidal control of testicular development, 
spermatogenesis and secondary sexual characteristics, stems from 
intensive physiological studies on the ram. 
(ii) Testicular development and spermatogenesis The testis is made up 
of two compartments, the seminiferous tubules containing Sertoli cells 
and germinal cells, where spermatozoa are produced, and the interstitial 
spaces containing Leydig cells which produce steroid hormones. In rams 
development of the testis involves the pituitary secretion of both LH and 
FSH. Ortavant, Courot & Hochereau-de Reviers (1969) demonstrated that 
full restoration of spermatogenesis in hypophysectomised rams will occur 
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following injections of LH and FSH. However, the role of the individual 
gonadotrophins is by no means precisely defined (Hochereau-de Reviers & 
Courot, 1978). As indicated by localisation studies in the rat testis 
(Mancini, Castro & Seiguer, 1967; de Kretser et !l., 1969), Leydig cells 
and Sertoli cells bind specifically LH and FSH respectively. 
Classically, LH stimulats hypertrophy of Leydig cells and provokes these 
cells to synthesise and secrete steroid hormones (principally 
testosterone), while FSH, in synergism with testosterone, acts within the 
seminiferous tubules to initiate and maintain spermatogenesis (see: 
de Kretser, 1984). 
A number of studies on rams have shown seasonal increases in mean 
blood levels of LH and FSH that are correlated with testicular 
development (e.g. Sanford, Palmer & Howland, 1977; Lincoln & Davidson, 
1977). Similar seasonal changes in the secretion of the two 
gonadotrophins have been demonstrated in male roe deer (Bruggemann, Adam 
& Karg, 1965; Sempere & Lacroix, 1982; Schams & Barth, 1982), 
white-tailed deer (McMillin ~!l., 1974; Mirachi ~~., 1978) and red 
deer (Bruggemann, Adam & Karg 1965; Lincoln & Kay, 1979; Suttie, Lincoln 
& Kay, 1984). 
In rams, the episodic release of LH causes transitory stimulation of 
the Leydig cells and this results in episodic secretion of testosterone 
(Katongole, Naftolin & Short, 1974; Sanford et !l., 1974; Lincoln, 1976; 
Lincoln & Peet, 1977; Wilson & Lapwood, 1978). Pulsatile secretion of LH 
and testosterone also has been observed in red deer stags (Lincoln & Kay, 
1979; Suttie, Lincoln & Kay, 1984) and reindeer bulls (Stokkan, Hove & 
Carr, 1980). Regulation of LH secretion in the ram involves negative 
feedback control by testicular steroids, such as testosterone and 
oestradiol (Schanbacher, 1984). Both testosterone and its r~duced form, 
dihydrotestosterone (DHT), have been shown to inhibit LH secretion in th'e 
castrated ram (D10cchio, Schanbacher & Kinder, 1982, 1983), while 
oestradiol appears to be even more potent in this respect (Schanbacher & 
l. : .: ; ~ : _ ; ... ; 
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Ford, 1977; Parrott & Davies, 1979; D'Occhio, Schanbacher & Kinder, 
1983). 
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The high plasma levels of FSH in the ram (and male cervid) following 
a change to short daily photoperiods appears to stimulate spermatogenesis 
via effects of FSH on the Sertoli cells (see de Kretser, 1984). Once 
testicular development becomes maximal, plasma FSH levels decline rapidly 
to a level only slightly above that seen in sexually regressed animals 
(e.g. Lincoln & Peet, 1977). FSH secretion in the ram is episodic 
although the resulting fluctuations in peripheral plasma levels are less 
dramatic than for LH (Lincoln, Peet & Cunningham, 1977; Sanford, Palmer & 
Howland, 1977) and presumably partly reflect the longer half-life of FSH 
in blood (i.e. 100-120 minutes for fSH and 24-28 minutes for LH : 
Geschwind & Dew~y, 1968; Akb~r, Nett & Niswender, 1974). However,· the 
fluctuations in FSH appear to be unrelated to the occurrence of LH pulses 
(Sanford, Palmer & Howland, 1977). While there may be some common 
negative feedback influence of steroids on both LH and FSH secretion, 
there is probably another factor in the testis which specifically 
inhibits FSH secretion. The putative non-steroidal hormone "inhibin" is 
considered to b~ a specific inhibitor of FSH secretion in both males 
(Franchimont, Chari & Demoulin, 1975) and females (Miller, Crister & 
Ginther, 1982; McNeilly, 1984, 1985). 
(iii) Steroidal control of secondary sexual characteristics in cervids : 
The annual cycle of testicular recrudescence and regression in cervids; 
as extensively reported for red deer (Mitchell, 1973; Lincoln, 1971a), 
wapiti (Smith, 1974; Haigh et ~., 1984), fallow deer (Chapman & Chapman, 
1969,1970,1975; Baker, 1973), white-tailed deer (Wislocki, 1949; 
Robinson, Thomas & Marburger, 1965), black-tailed deer (Markwald, Davis & 
Kainer, 1971; West & Nordan, 1976a), roe deer (Short & Mann, 1966) and 
reindeer (Meschaks & Nordkvist, 1962; Leader-Williams, 1979); ;s 
associated with a marked seasonal pattern of testosterone secretion 
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(see review: Lincoln, 1985) that directly controls much of the cyclicity 
in secondary sexual characteristics. 
The annual antler cycle consists of rapid growth and differentiation 
of vascular, cartilagenous tissue which subsequently is mineralised to 
hard bone within a few months. Antlers are carried until separation of 
the antler-pedicle junction results in their casting and the growth of 
new antlers (see review: Chapman, 1975). In post-pubertal male deer, 
casting of antlers and initiation of new antler growth occur when the 
testes are quiescent (Wislocki, 1969; Markwald, Davis & Kainer, 1971; 
Lincoln, 1971b). Likewise, post-pubertal castration results in casting 
of antlers unless exogenous testosterone is administered (Wislocki, Aub & 
Waldo, 1947). The association of mineralisation of antlers and shedding 
of their epidermis with incre'asing blood levels of testosterone as the 
mating season approaches has been demonstrated for a number of cervid 
species; such as red deer (Lincoln, 1971a; Suttie, Lincoln & Kay, 1984; 
Barrell, Muir & Sykes, 1985), white-tailed deer (McMillin et ~., 1974; 
Brown, Cowan & Griel, 1978), black-tailed deer (West & Nordan, 1976a) and 
roe deer ( Barth ~~., 1976; Schams & Barth, 1982). Likewise, 
mineralisation of antlers can be induced by administration of 
testosterone (Lincoln, Guinness & Short, 1972) or oestradiol (Goss, 1968; 
Fletcher & Short, 1974). 
Other less obvious secondary sexual characteristics that exhibit 
annual developmental cycles correlated with testosterone secretion 
include; accessory sex gland development in red deer (Lincoln, 1971a) and 
fallow deer (Chapman & Chapman, 1979), preputial changes in fallow deer 
(Kennaugh, Chapman & Chapman, 1977), and neck hypertrophy and regression 
in red deer (Lincoln, 1971a), reindeer (Lund-Larsen, 1977) and fallow 
deer (Field, Young, Asher & Foote, 1985). Furthermore, as has been 
demonstrated in red deer (Lincoln, Guinness & Short, 1972)~ testosteron~ 
secretion influences annual behavioural cycles and social patterns of 
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male deer, such that high levels of testosterone are associated with 
rutting behaviour and intense intraspecific aggression near the onset of 
the mating season. However, some components of the behavioural patterns 
appear to be androgen-independent as they do not necessarily correlate 
with testosterone secretion. For example, dominance hierarchies persist 
within bachelor stag herds during periods of low testosterone secretion 
(Lincoln, Guinness & Short, 1972) and sexually quiescent stags will 
attempt to copulate with oestrous-hinds (Krzywinski & Jaczewski, 1978). 
1.2.7 : Puberty 1n seasonally breeding ruminants 
(i) Female puberty: Puberty in seasonally breeding females may be 
regarded as the developmental process whereby an individual becomes 
capable of ovulation and fertile mating (e.g. Ryan & Foster, 1980). The 
first abrupt sign of puberty in female ruminants is usually oestrus, but 
there are clearly numerous physiological events occurring in young 
females that ultimately lead to their first oestrus. 
An increase in the frequency of episodic LH pulses is a prerequisite 
for the onset of puberty in female sheep (Foster & Ryan, 1979a) and 
puberty can be induced in ewe lambs by repeatedly injecting them with 
purified ovine LH (Ryan & Foster, 1980). Plasma FSH levels apparently 
remain relatively constant during the prepubertal and pubertal period in 
the ewe lamb (Foster et .!L., 1975). 
The ability of ewes to respond to oestradiol positive feedback (i.e. 
the induction of the preovulatory LH surge) becomes established shortly 
after birth (Squires et .!L., 1972; Foster & Karsch, 1975) and yet the 
first spontaneous LH surge does not normally occur until several months 
later (Foster et .!L., 1975). It has been postulated that the system 
governing the increase in LH pulse frequency is present in immature 
females but it is repressed by hyper-responsiveness to oestradiol 
negative feedback (Ryan & Foster, 1980). This is based on the finding 
that ovariectomy shortly after birth results in increased frequency of LH 
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pulses and that a marked reduction in sensitivity to negative feedback by 
oestradiol occurs during the pubertal period (Foster & Ryan, 1979b). 
Therefore, the inhibition of LH secretion in prepubertal ewe lambs 
appears to be controlled by the same mechanism as that which inhibits LH 
secretion during anoestrum in adult ewes. Furthermore, the attainment of 
puberty and the onset of the breeding season of adults are both 
associated with a decreased hypothalamic-hypophyseal sensitivity to the 
negative feedback effect of oestradiol (Foster & Ryan, 1979a). 
In sheep, first pubertal oestrus is often preceded by one or two 
silent ovulations (Foote, Sefidbakht & Madsen, 1970; Foster & Karsch, 
1975; Hare & Bryant, 1982). In this respect also, the transition to 
puberty resembles the transition from anoestrum to oestrous cyclicity in 
adult ewes (see Section 1.2.5). However, there appear to be few studies 
on ovarian and endocrine events leading up to first pubertal oestrus in 
cervids, although Webster & Barrell (1985) did record high serum 
progesterone levels occurring before first pubertal oestrus of some red 
deer hinds and attributed this to secretion by luteal tissue resulting 
from silent ovulations. 
(ii) External factors influencing female puberty: Mammals that have a 
clearly defined mating season usually attain puberty during this season. 
For example, red deer (Mitchell, 1973; Kelly & Moore, 1977; Hamilton & 
Blaxter, 1980) and fallow deer (Chapman & Chapman, 1975; Asher & Adam, 
1985) normally exhibit first pubertal oestrus at 15 to 16 months of age; 
this closely corresponding with first oestrus of the breeding season of 
adult females. It is apparent, therefore, that the process of puberty in 
seasonally breeding mammals is complicated by seasonal factors that 
entrain reproductive periodicity in adults (see: Sadlier, 1969). 
Although early studies concluded that photoperiod played no major 
role in the onset of oestrous activity in the ewe lamb (Radford, 1961; 
Smith, 1967; Ducker, Bowman & Temple, 1973), later studies demonstrated 
30 
that photoperiod profoundly influences, both the initiation and 
maintenance of reproduction in the ewe lamb (Foster, 1981a, 1981b). 
Premature exposure of ewe lambs to short daily photoperiods was observed 
to advance or delay the onset of puberty, depending on the age at the 
start of treatment, and suggested that prior exposure to long daily 
photoperiods (i.e. "photosensitisation") was required for the initiation 
of oestrous activity under subsequent short daily photoperiods (Foster, 
1981b, 1983). More recent studies have shown that pinealectomy of ewe 
lambs at 10 weeks of age delays puberty (Kennaway, Gilmore & Dunstan, 
1985) while treatment of ewe lambs with melatonin implants from 19 weeks 
of age advances puberty (Nowak & Rodway, 1985). Both of these studies 
implicate photoperiod as having major effects on the attainment of 
puberty in sheep. 
Similarly, photoperiod has been observed to influence the onset of 
oestrous activity in deer. Budde (1983) and Webster & Barrell (1985) 
advanced the onset of oestrus in white-tailed deer and red deer 
respectively by subjecting females to artificial reduction of daily 
photoperiods during summer. Furthermore, Webster & Barrell (1985) also 
advanced puberty in red deer hinds by administering exogenous melatonin 
treatments at the same time of year. 
There has been considerable investigation into the effects of 
liveweight on the onset of puberty in female sheep. Hafez (1952) and 
Keane (1974) have suggested that there is a threshold liveweight for ewe 
lambs, below which puberty cannot be attained. However, there is 
undoubtedly a complexity of interactions between age, liveweight and time 
of year with respect to the onset of oestrous activity (Dyrmundsson, 
1973). 
Few studies have investigated components of liveweight that may 
affect puberty in sheep. While there is evidence that female puberty in 
humans (Frisch & McArthur, 1974) and rats (Frisch, Hegsted & Yoshinaga, 
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1977) is related to the level of body fat, Moore et!!. (1985) found that 
carcass fatness and protein content were not important indicators of 
puberty in female sheep, even though the level of nutrition, and 
subsequently liveweight, influenced the age of attainment of puberty. 
Puberty in female cervids has received little scientific scrutiny in 
comparison with sheep. Sadlier (1969) considered that the attainment of 
puberty in female deer is related to the level of nutrition available to 
them during their prepubertal life. This is supported by a high 
incidence of ovulation in young white-tailed does reared on high energy 
diets (Abler et !l., 1976). Mitchell (1973) concluded that the age at 
whi ch Scottish red deer hi nds attai n puberty is cl early affected by 
growth rate and nutrition. Whereas the majority of hinds on the 
nutritionally impoverished is.land of Rhum (Scotland) reach puberty at ~7 
months of age, it generally occurs at -15 months of age when hinds are 
reared under more equable conditions (Lincoln, Youngson & Short, 1970; 
Youngson, 1970). Similarly, Daniel (1963) reported that red deer calves 
in New Zealand can attain puberty at three to five months of age when 
given exceptionally favourable nutritional conditions. 
On red and fallow deer farms in New Zealand, female puberty is 
expected to occur at 15 to 16 months of age (Coop & Lamming, 1977; Kelly 
& Moore, 1977; Asher & Adam, 1985). The liveweight at which puberty 
occurs in red deer hinds has been assessed as between 65 and 70 kg, or 
about 70X of mature liveweight (Kelly & Moore, 1977; Hamilton & Blaxter, 
1980; Fisher & Fennessy, 1985). 
(iii) Male puberty: The male attains puberty when androgens and 
spermatozoa are produced by the testes and the reproductive organs have 
matured so that the penis is free of its sheath, permitting the male to 
copulate with the female (e.g. Sorenson, 1977). Puberty is more simply 
defined as the time of first breeding potential and is distinct from 
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sexual maturity, which is the time of maximum breeding potential (Asdell, 
1946) • 
Pubertal development in seasonally breeding males is recognised as 
occurring over a general period of time rather than the rapid spontaneous 
development noted in females by the sudden appearance of oestrous 
activity. For example, in rams androgen secretion rises sharply from six 
weeks of age, spermatogenesis begins at about nine weeks of age (Skinner 
~!l., 1968) and the glans penis becomes separated from the prepuce at 
10 weeks of age (Skinner & Rowson, 1968). Similarly, in red and fallow 
deer sequential developmental events have been observed to occur between 
about 9 and 16 months of age (Lincoln, 1971b; Chapman & Chapman, 1980; 
Suttie, Lincoln & Kay, 1984). 
The endocrinological control of male puberty is poorly understood. 
There is little doubt that the gonadotrophins, LH and FSH, playa major 
role in stimulating testicular enlargement, steroidogenesis and 
spermatogenesis in adult males (see Section 1.2.6). Pubertal development 
in males is generally recognised as having endocrinological elements in 
common with cyclical testicular recrudescence in seasonally breeding 
adults (e.g. Lincoln, 1971a, 1971b). However, Lee et~. (1976) found 
that plasma FSH levels in rams were consistently higher during the 
pubertal phase than during the recrudescence phase in adults. A simi lar 
situation has been observed in rats (Swerdloff et ~., 1971; Lee et ~., 
1975). These studies suggest that FSH may be more important in the 
development of the testis before puberty, with LH assuming a dominant 
role only after spermatogenesis has become established. 
Recent studies by Barenton ~~. (1983) indicate that pubertal 
testicular development in the ram involves, firstly, an increase in the 
number of Sertoli cells, under the influence of FSH, to reach a lifetime 
maximum at 50 days of age and, secondly, a marked increase in LH and FSH 
receptors on each Leydig and Sertoli cell respectively between 80 and 120 
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days of age. Thereafter, from puberty to adulthood, the total number of 
gonadotrophin receptors per testis does not change and there is a marked 
increase in the sensitivity of the interstitial cells to episodic LH 
pulses, as indicated by associated secretory pulses of testosterone (e.g. 
Courot, Hochereau-de Reviers & Pelletier, 1975). 
For red deer, it has been shown that testicular steroidogenesis is 
initiated within the first year and correlates with the initiation of 
antler pedicle development (Lincoln, 1971b; Suttie, Lincoln & Kay, 1984). 
Similarly, pedicle development and early testicular development in fallow 
deer appear to be correlated (Chapman & Chapman, 1980). The timing of 
testicular development in these species suggests that young male deer are 
initiating the pubertal process at a time when testicular regression and 
low levels of plasma testosterone are occurring in adults (Chapman, 
1975). Studies by Suttie & Kay (1982) clearly show that pedicle 
development in red deer is more closely associated with nutritional 
status than the prevailing photoperiod. Furthermore, Chapman & Chapman 
(1980) suggest that there are possibly three distinct phases of 
testosterone secretion preceding the pubertal rut in fallow bucks; 
namely, an early phase of testosterone secretion commencing at about nine 
months of age which is associated with pedicle development, a reduction 
in testosterone secretion occurring at about 11 to 12 months of age that 
allows for antler development, and a recommencement of testosterone 
secretion between 13 and 16 months of age that induces antler 
mineralisation and complete reproductive development. Although hormone 
levels were not measured in their study, Chapman & Chapman (1980) ~: 
observed three distinct stages in the development of the accessory 
organs of reproduction between 9 and 16 months of age, and attributed 
these to testosterone secretory phases. 
The extent to which the final phases of puberty in male deer are 
affected by prevailing photoperiod has not been established. Presumably, 
male deer become fully entrained to the regulatory influences of 
photoperiod by the time of their pubertal rut. 
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Precocious puberty has been reported in male red deer (Suttie, 
Lincoln & Kay, 1984) and wapiti (Moran, 1970) in which individual animals 
were observed to grow, mineralise and cast their first set of antlers 
within the first six months after birth •. These appear to be isolated 
incidents. 
1.2.8 : Reproductive behaviour of cervids 
(i) Mating strategies: Cervids exhibit a wide variety of 
species-specific strategies related to mating, ranging from monogyny 
(1 male: 1 female) to various forms of polygyny (1 male: >1 female). 
These strategies app~ar to be in response to the distribution of females, 
which in turn is related to the distribution of food resources (Emlen & 
Dring, 1977). Clutton-Brock, Guinness & Albon (1982) have broadly 
categorised mating strategies within the framework of habitat; as 
follows: 
(a) Forest dwelling cervids, which tend to be browsers, live within an 
environment that contains an even distribution of food resources. 
Solitary females often occupy defendable territories and are, therefore, 
scattered throughout the overall habitat. During the mating season, 
males defend territories that overlap female territories (e.g. roe deer; 
Prior, 1968; Bramley, 1970 : Indian muntjac; Barette, 1977: brocket 
deer; Whitehead, 1972) or range widely and associate with individual 
oestrous females (e.g. woodland moose; Geist, 1963; de Vos, Brokx & 
Geist, 1967; Houston, 1974). The scattered distribution of females 
limits the mating strategy to monogyny or a restricted form of polygyny 
referred to as "serial polygyny" (Clutton-Brock & Harvey, 1978) or 
"serial monogyny" (Bubenik, 1985). 
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(b) Cervid species that tend to inhabit open forest or forest-fringe 
zones, and are mixed browsers and grazers, occupy an environment in which 
food resources are often aggregated within delineated zones. Females 
tend to live in family groups or loose assemblages of unrelated 
individuals. Such species exhibit a wide variety of polygynous mating 
systems, including the "tending bond" system of white-tailed deer (Hirth, 
1977) and black-tailed deer (Kucera, 1978; Geist, 1981) in which males 
associate with small groups of females and form temporary close bonds 
with oestrous females, and the "female domi nated po lygyny" (Bubenik, 
1985) system of sambar deer (Schaller, 1967) and fallow deer (Chapman & 
Chapman, 1975) in which males defend traditional rutting territories 
("stands"), exclude rivals and attempt to attract female groups by vocal 
and olfactory displays. 
(c) Cervid species that tend to occupy open range habitats and are 
mostly grazers, are often gregarious to the extent that medium to large 
matriarchal groups are formed. Such species typically establish a "mal e 
dominated polygyny" (Bubenik, 1985) in which matriarchal "harems" are 
monopolised by one male, and female access to other males is inhibited by 
rigorous herding behaviour of the dominant male within a strongly 
defended territory. Such a system has been described for wapiti 
(Strushaker, 1967), open range red deer (Darling, 1937; Clutton-Brock, 
Guinness & Albon, 1982) and Pere David's deer (Schaller & Hamer, 1978). 
(ii) Rutting behaviour of males: In temperate and arctic regions, food 
quality and abundance varies widely throughout the year and tend to have 
a predictable seasonality. The major reproductive strategy of cervids 
within these environments is the alignment of a season of synchronous 
births with the optimal time of year for survival of offspring (see 
Section 1.2.2). Seasonal breeding involves a considerable degree of 
oestrous synchrony among conspecific females and markedly influences the 
.. - .-. :. __ ....... - ... . 
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reproductive behaviour of males. The defence of territories and 
exclusive harems during the short mating season in non-equatorial cervid 
species involves considerable short term investment of energy and marked 
changes in circadian activity by reproductively active males (e.g. red 
deer; Lincoln & Guinness, 1973; Mitchell, McCowan & Nicolson, 1976; 
Mitchell, Staines & Welch, 1971; Clutton-BrocK, Guinness & Albon, 1982). 
Comprehensive accounts of seasonally delineated male rutting behaviour 
also have been provided for white-tailed deer (Hirth, 1977), black-tailed 
deer (Kucera, 1978; Geist, 1981), wapiti (Strushaker, 1967; Rapley, 
1985), roe deer (Bramley, 1970), reindeer and caribou (Espmark, 1964; 
Lent, 1965; Bergerud, 1974). Although there are a wide variety of 
species-specific rutting behaviours, a common feature for all of these 
species is the marked 1iveweight loss in sexually active males due to 
reduced feed intakes and high energy expenditure during the rutting 
season. This contrasts markedly with seasonally breeding African 
ungulates such as the Uganda kob (Adenota kob thomasi : Leuthold, 1966; 
Buechner, Morrison & Leuthold, 1966) and greater kudu (Tragelaphus 
strepsiceros : Owen-Smith, 1984) which display intense rutting behaviours 
but do not attempt to herd females and appear to maintain normal levels 
of grazing activity. Conversely, tropical cervid species do not always 
exhibit marked synchrony of oestrus and births, and in some species these 
events occur throughout the year (Schaller, 1967; Whitehead, 1972; 
Lincoln, 1985). Accordingly, the defence of mating territories and 
harems is not a major feature of some tropical cervids and therefore~ 
males do not invest heavily in rutting activity (Whitehead, 1972) and; 
presumably, do not exhibit cyclic liveweight changes related to 
reproduction. 
Males of several cervid species emit characteristic vocalisations 
during the rutting season, including "roaring" of red deer stags 
(Darling, 1937; Lincoln & Guinness, 1973; Clutton~Brock & Albon, 1979), 
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"bugling" of wapiti bulls (Strushaker, 1967) and "groaning" of fallow 
deer bucks (Gilbert, 1964; Espmark & Brunner, 1974; Chapman & Chapman, 
1975). While it is generally accepted that such vocal displays serve to 
warn conspecific animals of the presence of a sexually active male within 
a defended territory (Whitehead, 1972), a study on red deer 
(Clutton-Brock & Albon, 1979) also suggests that competing stags engage 
in "roaring contests" in order to assess their opponent's fighting 
ability. Thus, rutting vocalisations in deer may have various roles, 
including the prevention of combat between competing males of differing 
fighting ability. It has even been suggested that roaring activity of 
red deer stags may influence the onset and synchrony of oestrus in hinds 
(Lincoln & Guinness, 1973). 
Generally, the duration,of rutting behaviour of male deer spans the 
period of fertile first oestrus matings and can last from about three 
weeks in fallow deer (Cook, 1978) to up to eight weeks in red deer 
(Lincoln & Guinness, 1973), as determined from observations of both 
mating and vocal activity. 
(iii) Oestrous behaviour of females: While male cervids generally 
exhibit a season of intense rutting behaviour, females do not profoundly 
alter their basic circadian activity patterns during the mating season. 
However, female cervids, apart from roe deer which appear to be 
monoestrous (Aitken ~~., 1973; Schams, Barth & Karg, 1980), can 
exhibit seasonal oestrus periodicity (e.g. red deer; Lincoln, Youngson & 
Short, 1970; Guinness, Lincoln & Short, 1971 : wapiti; Morrison, 1960a 
white-tailed deer; Verme, 1965 black-tailed deer; Thomas & Cowan, 1975) 
although it is probable that most females of seasonally breeding species 
conceive at their first overt oestrus and, therefore, cannot exhibit 
subsequent oestrous cycles (see: Short, 1984). Behavioural, oestrus is 
exhibited for only a short duration (e.g. 15-17 h in wapiti; Morrison 
1960b : ~24 h in red deer; Guinness, Lincoln & Short, 1971) and, unless 
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it is perfectly synchronised between herd-mates, is unlikely to lead to 
major short term changes in overall herd activity patterns. However, 
oestrus involves marked short term behavioural changes in individuals. 
For example, Ozoga & Verme (1975) remotely monitored walking activity of 
individually penned female white-tailed deer and found marked peaks of 
activity consistently occurring within 24 hours of oestrus. 
Characteristic signs of oestrous receptivity of females towards 
dominant males have been observed in deer, although descriptive accounts 
of such behaviour are not common. The best documentation of cervid 
oestrus relates to red deer (Guinness, Lincoln & Short, 1971; Veltman, 
1985), wapiti (Morrison, 1960a), reindeer (Espmark, 1964) and 
black-tailed deer (Kucera, 1978). Aspects of this behaviour are 
discussed in Section 4.2. 
Detection of oestrus, either by visual appraisal of behaviour, 
indirect means (e.g. monitoring physiological events) or remote marking 
devices (e.g. chin ball harnesses; ram mating harnesses), is of prime 
concern to those investigating reproductive physiology and controlled 
breeding (e.g. artificial insemination) of female cervids. It has proven 
to be a major methodological problem with red deer studies (Cull, 1984; 
Webster, 1984; Adam, Moir & Atkinson, 1985) even though some workers 
appear to have had success using ram mating harnesses on stags (Guinness, 
Lincoln & Short, 1971; Kelly ~!l., 1982; Kelly, McNatty & Moore, 1985). 
In most other species studied oestrus is normally detected, albeit with 
variable success, by observing behavioural changes in individual females 
and the response of a male to females (e.g. white-tailed deer; Ozoga & 
Verme, 1975; Plotka ~!l., 1977a; 1977b, 1980). 
1.2.9 : Artificial manipulation of cervid reproduction 
(i) General: altering cervid calving patterns: The four species of 
deer most commonly farmed in New Zealand; red deer, fallow deer, wapiti 
and sika deer; are seasonal breeders that calve in summer. While this 
~" .'~-.. ' .. '.--:.:-
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undoubtedly has adaptive significance within their native environments, 
under the more equable climatic conditions and pastoral grazing regimens 
in New Zealand there is a relatively poor alignment of peak pasture 
production occurring in spring (September-November) and the high energy 
demands of lactation in summer (December-February). Furthermore, in some 
regions of the country, severe drought conditions frequently occur in 
late summer (February) while females are still lactating. This is likely 
to lead to depressed calf growth rates via reduced lactational yields 
(Loudon, Darroch & Milne, 1984) and delays in the onset of ovulatory 
activity possibly due to the suppressive effects of either low female 
body weights (Mitchell, Staines & Welch, 1977; Guinness, Albon & 
Clutton-Brock, 1978; Hamilton & Blaxter, 1980) or high frequencies of 
suckling bouts by calves (Loudon, McNeilly & Milne, 1983; Loudon & Kay, 
1984). 
Clearly, a closer alignment of the "spring flush" of pasture and the 
calving-lactation season may overcome some of the problems presently 
encountered with summer calving. The achievement of this objective 
requires a shift in the season of conceptions such that mating activity 
occurs between four and eight weeks earlier than normal. This means that 
females must be induced to exhibit fertile oestrus during anoestrum or, 
at least, during the transitional period between anoestrum and the 
breeding season. Furthermore, males, which also exhibit seasonal 
reproductive cycles, must be capable of serving and fertilising females 
at induced oestruses. 
A number of researchers are currently investigating artificial 
manipulation of the breeding season of red deer. The pertinent 
literature is reviewed below. 
(ii) Advancement of fertile oestrus in red deer: Recent studies on the 
seasonal advancement of oestrus and ovulation in red deer hinds have been 
reviewed by Barrell (1985). Generally, the approach has been to utilise 
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techniques based on those already employed successfully for other species 
of livestock such as sheep and cattle. 
A number of studies have investigated the use of intravaginally 
administered progestagens (see Section 5.2) followed by the 
administration of either pregnant mare serum gonadotrophin (PMSG : Kelly 
et ~., 1982; Kelly & Moore, 1982/83; Moore, 1983/84; Adam, 1982, 1983; 
Adam, Moir & Atkinson, 1985; Fisher & Fennessy, 1985), FSH or GnRH 
(Fisher & Fennessy, 1985). Although this type of treatment has tended to 
induce oestrus and/or ovulations during the anoestrous period, fertility 
has generally proven to be low and treated hinds have often reverted to 
anoestrus following the induced cycle (Adam, 1983; Adam, Moir & Atkinson, 
1985). However, some conceptions at induced fertile oestruses have 
occurred, ~ith the resultant -calves being born significantly earlier than 
in untreated groups (e.g. Kelly ~~., 1982; Adam, Moir & Atkinson, 
1985). 
Daily oral or i.m. administration of melatonin, a treatment designed 
to mimic normal endogenous rhythms during short daily photoperiods (see: 
Section 5.4), has been used successfully to advance oestrus and/or 
ovulation in red deer hinds (Adam & Atkinson, 1984; Nowak, Elmhirst & 
Rodway, 1985; Webster & Barrell, 1985), although early born calves as a 
result of treatment were reported for only one study (Webster & Barrell, 
1985). There is some evidence that lactational status may influence the 
effectiveness of melatonin treatment, with lactating hinds exhibiting a 
poorer response to treatment than non-lactating hinds (Nowak, Elmhirst & 
Rodway,1985). In another trial, Barrell (1985) found that s.c. implants 
of melatonin had only marginal effects on the timing of the subsequent 
calving season in adult red deer hinds. 
The study of advancement of fertile oestrus in farmed deer is 
clearly still in its infancy. To date, trials have tended to be limited 
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in scope due to the low numbers of animals available for 
experi mentat ion. 
(iii) Advancement of male reproductive competence: Numerous studies have 
shown that male cervids exhibit marked seasonality of spermatogenesis and 
semen quality (e.g. Lincoln, 1971a; Chapman & Chapman, 1970, 1975; 
Chaplin & White, 1972; Haigh ~~., 1984; Strzezek, Krzywinski & 
Swidowicz, 1985). Therefore, their fertility outside the breeding season 
must be suspect and it may be necessary to align the season of peak male 
reproductive competence with the timing of induced oestrus/ovulation in 
t he f ema 1 e s • 
Daily oral administration of melatonin during long daily 
photoperiocts advanced male reproductive cycles, as indicated by antler 
status and rutting activity, in white-tailed deer (Bubenik, 1983; Bubenik 
& Smith, 1985) and red deer (Adam & Atkinson, 1984). Similarly, Lincoln, 
Fraser & Fletcher (1984) nave demonstrated that similar results can be 
achieved using s.c. implants of melatonin. However, there appear to be 
no studies that have investigated the effects of melatonin treatment on 
spermatogenesis in male deer. 
(iv) Induction of twinning: The four major species of deer farmed in 
New Zealand exhibit a low incidence «1%) of multiple births. However, a 
variable incidence of multiple ovulations has been observed in red deer 
hinds following progestagen and PMSG (i.e. 500-1000 i.u. PMSG) treatment 
(Kelly et ~., 1982; Adam, 1982,1983; Adam, Moir & Atkinson, 1985; 
Fisher & Fennessy, 1985), although this has not necessarily resulted in 
multiple births (e.g. Kelly et ~., 1982). Adam, Moir & Atkinson (1985) 
recorded twinning in one treated hind. Barrell (1985) commented that 
there are insufficient data available to answer adequately questions 
about the competence of red deer hinds to bear and rear twins, the 
possibility of free-martinism occurring, and the growth and subsequent 
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productivity of calves raised as twins. Clearly, there is even less 
information available on other cervid species. 
(v) Artificial insemination in deer: There has been considerable 
recent interest in the use of artificial insemination (AI) in New Zealand 
farmed deer. This has arisen mainly in response to the high costs 
involved in importing live deer compared with frozen semen. There are, 
of course, other theoretical justifications for establishing AI as a 
viable management practice; particularly the dissemination of superior 
genetic material over a wider base than is possible through natural 
mating. There are three main methodological aspects of AI in deer that 
warrant review; semen collection and storage, oestrous synchronisation 
and insemination techniques. 
Several researchers have managed successfully to collect semen from 
male cervids, either by electro-ejaculation (red deer; Jaczewski & 
Jasiorowski, 1974 : wapiti; Haigh et !l., 1984 : fallow deer; Mulley, 
1984; Glover, 1985 : white-tailed deer; Bierschwal ~!l., 1970; 
Lambiase, Amann & Lindzey, 1972; West & Nordan, 1976a; Haigh, 1984), 
collection into an artificial vagina (red deer; Krzywinski, 1976; 
Krzywinski & Jaczewski, 1978; Strzezek, Krzywinski & Swidowicz, 1985 
reindeer; Dott & Utsi, 1973) or by post-mortem collection from 
epididymides, vasa deferentia and ampullae (red deer and moose; 
Krzywinski, 1981). The seasonal nature of ejaculate quality, as 
determined by the concentration and viability of spermatozoa, has been 
well described for both red deer and wapiti (Krzywinski & Jaczewski, 
1978; Haigh et .!l., 1984). Furthermore, Strzezek, Krzywinski & 
Swidowicz (1985) have also documented marked seasonal changes in the 
chemical composition of red deer semen. Red deer and wapiti semen has 
been frozen either in pellets on dry ice, which were then transferred to 
liquid nitrogen (Krzywinski & Jaczewski, 1978), or in liquid nitrogen 
vapour using 0.5 ml straws (Haigh, 1985). Post-thaw spermatozoal 
recovery rates of between 20 and 50% have been recorded for red deer 
.-:<", '--."-."." 
(Krzywinski & Jaczewski. 1978) and wapiti semen (Haigh, Shadbolt & 
Glover. 1984). 
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Detection of oestrus in such species as red deer and wapiti has 
proven to be difficult. However. Krzywinski & Jaczewski (1978) were able 
to inseminate red deer hinds successfully at natural oestruses by using a 
vasectomised stag to detect oestrus. Nevertheless. artificial 
synchronisation of oestrus may take some of the guesswork out of AI 
procedures. Progesterone plus PMSG treatments, as described previously, 
have resulted in synchronised matings in red deer (e.g. Kelly, et ~., 
1982; Fisher & Fennessy, 1985) and this technique, therefore, has some 
potential for use in AI programmes. Double injection regimens of 
prostaglandin F2a (or one of its analogues) have been used successfully 
to synchronise oestrus in wapiti (Haigh, 1984; Haigh, Shadbolt & Glover, 
1984), red deer (Beatson: quoted by Barrell, 1985) and white-tailed deer 
(Haigh, 1984). However, this technique is limited to the breeding season 
due to the requirement for the presence of active luteal tissue. For AI 
purposes, more studies are required to determine the timing of ovulation 
in relation to the synchronisation procedure and, therefore, the optimal 
time for insemination. 
There have been only a limited number of studies that have attempted 
AI in deer and, generally, conception rates have been low. Krzywinski & 
Jaczewski (1978) achieved three pregnancies out of 12 red deer hinds 
receiving vaginal or intra-cervical inseminations at natural oestruses. 
The animals were immobilised with succinyl-choline chloride and 
inseminated with one or two thawed pellets of semen. Kelly & Moore 
(1980/81) obtained only two pregnancies out of 16 red deer hinds 
inseminated with wapiti semen at natural oestruses (procedures not 
described). while Haigh. Shadbolt & Glover (1984) obtained 16 pregnancies 
out of 39 wapiti cows receiving intra-uterine inseminations of wapiti 
semen at 72, 84 and 96 hours following the last of two prostaglandin 
injections (13 days apart). In this case, only physical restraint was 
used. Haigh (1984) also described the successful insemination of two 
white-tailed does following the deposition of 1 ml of extended fresh 
semen at the ~ cervix site, while Dott & Utsi (1973) obtained 
conceptions in two reindeer cows inseminated with undiluted, fresh 
semen. 
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(vi) Embryo transfer: There appears to' be no published accounts of 
embryo transfer in deer, although Fisher & Fennessy (1985) describe the 
results of embryo recovery from superovulated red deer hinds. In 1984, 
all 12 out of a total of 12 expected embryos were recovered surgically 
from 6 hinds, and of these 11 were assessed as being viable. However, in 
1985, only 26 of a possible 61 embryos were recovered from five hinds, of 
which only 9 were assessed as viable (Fisher & Fennessy, 1985). 
1.2.10 : Summary of literature review 
(i) The ovine model: The preceding review on seasonal reproduction 
(Sections 1.2.1-1.2.7) has relied heavily on literature on reproductive 
physiology of domestic sheep, as there is quite clearly a paucity of 
equivalent information on cervids. Like deer, sheep are seasonally 
breeding ruminants and, therefore, may provide useful physiological 
models on which to base current and future research on deer reproduction. 
However, it must be stressed that these models provide only a framework 
for our understanding of deer biology and it is unwise to assume that 
species with similar breeding strategies aChieve their goals via the same 
mechanisms. Similarly, comparisons between different species of deer 
must be treated with caution as there is clearly wide morphological and 
behavioural variation in Cervidae. 
(ii) Fallow deer: While fallow deer are well distributed throughout the 
world (albeit by man's influence) only recently have attempts been made 
to farm this species intensively. Therefore, it is not surprising that 
I I .. 
1_-. _, __ _ 
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fallow deer have received little scientific scrutiny and it is 
particularly noteworthy that there have been no previous studies on their 
reproductive endocrinology. The recent development in NZ of techniques 
for physically restraining fallow deer has paved the way for establishing 
research protocols designed to investigate various aspects of physiology. 
It is recognised, however, that before many of the biological problems 
encountered in fallow deer farming can be solved, there must be a sound 
investigation of basic physiological parameters, hitherto unexamined for 
the species. 
1--: --~-- - ,-~ - '-
I j-
46 
1.3 Materials and methods 
1.3.1 : Geography and field facilities 
Ruakura Animal Research Station (RARS) : The RARS (37 0 46 1S, 175 0 20 1 E), 
a part of the Ruakura Agricultural Research Centre (RARC), is centrally 
located in the Waikato region of the North Island, adjacent to the 
eastern boundary of Hamilton city. It is administered by the 
Agricultural Research Division (ARD) of the Ministry of Agriculture & 
Fisheries (MAF). The total land area of 640 ha is at an average 
elevation of 40 m A.S.L., is flat to gently rolling, and is predominantly 
established in permanent pasture for grazing mammals. 
Temperature and rainlail : A· meteorological station is located on RARS, 
about 300 m west of the Ruakura deer unit boundary. The monthly mean 
daily temperatures and total rainfall for 1982-1984, the years in which 
this study was conducted, are presented in Figure 1.2. The total annual 
rainfall for 1982-84 was 967, 985 and 1047 mm respectively. Although 
temperature curves were relatively consistent, the monthly distribution 
of rainfall varied between years. Of particular note was the unusually 
dry autumn and wet summer in 1984. 
Regional photoperiodic regimen: The annual photoperiodic regimen for 
RARS (latitude 37 0 46 1 S) is presented in Figure 1.3 and was calculated 
from official (NZ Standard Time) sunrise and sunset times in Hamilton 
city (Carter Observatory, DSIR, Wellington) adjusted for civil twiligh~ 
(+60 mi n). 
Ruakura deer unit 
(i) General layout: The Ruakura deer unit, established in 1982, is 
centrally located within the RARS. It occupies 20.5 ha of flat to gently 
rolling land, intensively subdivided with 2 m high fences into 71 
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paddocks ranging from 0.2 to 0.5 ha in size (Figure 1.4). Water is 
reticulated to every paddock. Paddocks 1-8 were used primarily for 
mating and fawning due to their close proximity to the observation tower. 
At other times of the year fallow deer were grazed over paddocks 11-17, 
51-67 and in 1984, paddocks 43-50 and 68-71. Other paddocks generally 
were allocated to trials on red deer and pasture intake in fallow deer. 
(ii) Soils: Most of the soils on the deer unit are silty loams or 
silty clay loams. There are occasional overlays of peat, but these are 
not extensive and are largely confined to paddocks 28-42. The whole 
block has an extensive network of drainage pipes that were layed in 1982. 
(iii) Pasture: Pastures on the deer unit are predominantly a mixture of 
perennial ryegrass (Lolium perenne) and white clover (Trifolium repens). 
Under intensive grazing by male red and fallow deer (pasture intake 
trials). these pastures produced between 12-15 tonne DM/ha/annum during 
the study period. Daily pasture 9rowth rates were approximately 30-40 kg 
DM/ha in summer (December-February), 20-30 kg DM/ha in autumn 
(March-May), 10-20 kg DM/ha in winter (June-August) and 70-90 kg DM/ha in 
spring (September-November). 
Fallow deer handling facilities: An enclosed handling shed (Plate 1) is 
located at the southern end of the deer unit ("Yards" in Figure 1.4). 
The floor plan is presented in Figure 1.5. 
The system of north-south raceways ultimately join with an east-west 
raceway leading directly to the shed. A portion of the raceway 
immediately adjacent to the shed is solid-boarded on each side to a 
height of 2 m and acts as a transition into the Shed. A series of gates 
at this stage prevents back flow of deer in the final stage of mustering. 
Deer normally were led into the northern wing of the shed (red deer side) 
and later drafted into smaller groups (8-12 individuals) to be penned 
successively in the southern wing (fallow deer side). Those animals 
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contained in the light-controlled room were individually coaxed through a 
slide door opening into a lighted, ramped tunnel leading directly into 
the cradle. Upon release from the cradle, the deer moved into the 
northern wing where they were usually held prior to their return to 
pasture. 
The cradle (Plate 3) was designed by the Engineering Development 
Group, RARS. It consists of a tube-steel construction cased in 12 mm 
laminated plywood. The floor is designed to drop away, leaving the deer 
suspended from its torso on the bevelled walls of the cradle (Plate 4). 
Access to the head and rump is via panel doors on the operator side of 
the cradle and the deer is released by swinging out an entire side of the 
cradle upon disengaging a locking pin. The deer then drops a short 
distance.to the ground ~nd moves away along an enclosed race. 
The cradle is suspended from a steel frame by an electronic load 
cell (Tru-test NZ Ltd, Auckland) and maintained rigid within this frame 
by a series of torsion cross-wires. The weight of the cradle is 
automatically tared out when the digital indicator unit is activated from 
the mains power supply. 
Observation facilities: An enclosed observation platform (floor 
dimensions 2 x 3 m), supported four metres above the ground (Plate 2) is 
sited on the western boundary of the deer unit, immediately opposite 
paddock 5 (Figure 1.4). Shutter windows allow good surveillance of 
paddocks 1-8. The observation tower was used extensively during the 
mating and fawning season. A telescope (Carton 880, 20x; 60 mm objective 
lens) was permanently located in the observation tower and used to detect 
mating marks and identify individuals. Its useful range for reading fawn 
ear tags was 150 m. A light-intensifying night vision scope (Zeniscope; 
2.5x), borrowed from the Wildlife Service of the Department of Internal 
Affairs, was used from the observation tower for nocturnal observations 
during the 1983 rut. 
Physical restraint of deer 
Plate 3 Cradle used to restrain individual fallow 
deer 
Plate 4 Restraint of a fallow doe within the 
cradle 
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1.3.2 : livestock and .anagement 
Source and numbers of fallow deer: Fallow does were obtained from two 
sources; (1) Kemba Fallow Farms, Tauranga and (2) Invermay Agricultural 
Research Centre (IARC), Mosgiel. Deer from the first source were derived 
entirely from stock captured from North Island feral populations at South 
Kaipara Heads and Wanganui, while deer from IARC were derived entirely 
from South Island feral populations at Blue Mountains (Tapanui) and Mt 
Creighton Station (Queenstown). Fallow bucks were obtained from Kemba 
Fallow Farms and were of North Island origin. 
Summaries of doe and buck numbers present on Ruakura deer unit at 
the start of each year of this study (1983 and 1984) are presented in 
-Tables 1.1 and 1.2. All of th~ deer, except for nine mature does from 
IARe (1984), were born on farms. 
Table 1.1 Fallow doe numbers by age (January) and origin 
Age (months) 
12 24 36 48+ Total 
North Island 51 11 0 0 62 
1983 
South Island 14 9 0 0 23 
Total 65 20 0 0 85 
North Island 3 50 11 0 64 
1984 
South Island 0 12 9 26 47 
Total 3 62 20 26 111 
1-· -.-.-- -
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Table 1.2 Fallow buck numbers by age (January) 
Age (months) 
12 24 36 48 Tota 1 
Ent ire 21 3 1 0 25 
1983 
Castrated 11 0 1 0 12 
Ent ire 0 21 2 1 24 
1984 
Cast rated 0 11 0 1 12 
Individual identification: All deer older than six months had a numbered 
plastic ear tag (Allflex medium; Delta Plastics Ltd, Palmerston North) 
with a corresponding brass tag in the opposite ear. In addition, each 
doe had a numbered plastic collar around the neck (Plate 5). These were 
made from 8.0 cm wide strips of white polypropylene sheet (2.5 mm thick) 
and were held together with stainless steel rivets. The numbers were on 
large plastic ear tags (Allflex large) riveted onto the polypropylene. 
New-born fawns were tagged with small button tags (Allflex small) 
which were replaced with larger tags at weaning. 
Animal health procedures: Before arrival at RARS all deer were screened 
for bovine tuberculosis (Tb; PPO tuberculin challenge; intradermal, 
mid-cervical test), Brucella abortus (complement fixation test on serum), 
Leptospira interrogens serotypes hardjo, pomona and copenhageni (serum 
microscopic agglutination test), Bovine Viral Diarrhoea virus (BVD, serum 
neutralization test) and Infectious Bovine Rhinotracheitis virus (IBR; 
passive haemagglutination test). There was no evidence of infection with 
Tb, Brucella, BVD or IBR. Evidence of Leptospira infection (pomona and 
hardjo serotypes) was found in deer on Kemba Fallow Farms. Before 
transfer to RARS each deer from this locality was treated with an 
antibiotic injection (5.0 ml streptomycin/penicillin, Streptopen, Glaxo 
P'ate 5 Animal identification : ear tags and neck 
collars on fallow does 
Plate 6 Polled fallow buck (G3) fitted with a ram 
mating harness 
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NZ Ltd) daily for five days, and vaccinated against leptospirosis 
(Leptavoid vaccine; Wellcome NZ Ltd) on the fifth day. 
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Once on RARS all deer were vaccinated twice yearly (March and 
October) against clostridial infection (Multine 5 vaccine; Wellcome NZ 
Ltd) and leptospirosis (Leptavoid). Anthelmintic drench (Synanthic; 
Syntex Corp. NZ) was administered every three weeks to young stock (4-10 
months of age). When detected, local bacterial infections were 
successfully treated with a long-acting penicillin preparation (Propen 
L.A.; Glaxo NZ Ltd). 
As fallow deer have been shown to be highly susceptible to the toxic 
effects of sporidesmin (Mortimer & Smith, 1981), a fungal toxin produced 
by the proliferating spores of Pithomyces chartarum, pastures were 
sprayed with a fungicide (Benlate; E.I. Dupont de Nemours & Co., 
Delaware, USA) at regular intervals during the period of greatest disease 
risk in late summer. 
Feeding management: All deer were grazed on permanent ryegrass/clover 
pasture. Groups were generally rotationally grazed on 0.25 hectare 
paddocks in order to maintain an adequate amount of pasture on offer. 
They were moved off paddocks when residual pasture dry matter (OM) had 
been reduced to approximately 1000 kg/ha and were seldom moved onto 
paddocks containing pasture in excess of 2500 kg OM/ha. 
In 1983 does were stocked at a rate of 40/ha during the winter 
months of June-August inclusive. During this time their pasture diet was 
supplemented with meadow hay (~ libitum; in hay racks) and whole kernel 
maize (200 g/doe/day). In 1984 the corresponding stocking rate was 30 
does/ha and supplementary feeding was not necessary. 
The bucks likewise were offered supplementary hay and maize during 
the 1983 winter but not in 1984. Their over-winter stocking'rate was not 
assessed as they frequently grazed raceways. 
~ .' -.'" " ~,- . . -
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Mating management: Mating management procedures for the various 
treatment groups of does during the mating season will be described in 
the appropriate sections. 
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Fawning management: In late October of 1983 and 1984, does were yarded, 
vaccinated and drafted into groups of approximately 20, each containing 
representatives of all sire groups from the previous mating season. Just 
before the expected date of the onset of fawning, the groups were each 
moved onto a fawning paddock where they remained set-stocked until 
fawning started. At this time, a gate was opened into a neighbouring 
paddock so that the does had continual access to two paddocks. 
Towards the second week of January, when fawning was virtually 
completed. the groups of doe$ and fawns were joined together and 
rotationally grazed around a number of paddocks to provide adequate high 
quality pasture for the lactating does. In early March, the fawns were 
weaned. 
~ical restraint of deer: Fallow deer' were physically restrained with 
the aid of the cradle, as described previously. 
Chemical restraint of deer: Deep sedation of fallow deer was required 
for electro-ejaculation of bucks and laparoscopy of does. An aqueous 
combination of 5 mg ketamine hydrochloride (Ketalar; Parke-Davis Pty Ltd, 
USA) and 5 mg xylazine hydrochloride (Rompun; Bayer Leverkusen, Germany) 
per kg liveweight was injected intramuscularly while the deer were 
restrained in the cradle. They were kept in an enclosed pen until 
recumbent. Recovery was generally unaided within the handling shed. 
Antler inhibition (polling) : To reduce the incidence of injuries from 
buck aggressiveness during yarding and to eliminate annual velvet antler 
removal, all entire bucks were polled (permanent absence of pedicle and 
antler) at five months (May) of age. The method was similar to that 
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described by Reinken (1977) and Asher (1985c). While each buck was 
physically restrained in a cradle, a local anaesthetic (xylocaine 
hydrochloride 2%; Astra Pharmaceuticals Pty Ltd, NSW, Australia) was 
administered at the primordial pedicle sites and an electric dehorning 
iron was used to destroy the emerging pedicle and associated periosteum. 
No further treatment was required. 
Castration: Castration was performed by placing a rubber ring 
(Elastrator Co Ltd, NZ) around the dorsal scrotum of five-month-old 
bucks. Care was taken to manipulate both testes into the ventral scrotum 
as the ring was applied. 
Vasectomies: Four bucks (12 months old) were vasectomised in December 
1982. The operation~ were performed under local anaesthetic (xylocaine 
hydrochloride 2%) while each buck was restrained on its back. At least 
3 cm of vas deferens at the level of the scrotal cord was removed from 
each side. 
1.3.3 : Field data collection 
Liveweights : Deer were weighed while suspended in the cradle. They 
were always weighed directly after being mustered off pasture, without 
fasting. The sensitivy and resolution of the electronic weighing 
apparatus was 0.2 kg and the accuracy was within 2% when Checked 
frequently with 25, 50 and 75 kg weights. 
Oestrous detection : 
(i) Direct observation Does were recorded as being in oestrus if they 
were observed being mated or standing for the buck during attempted 
matings. 
(ii) Crayon marking: Bucks used for mating were each fitted with a ram 
mating harness (Fergus; Merck, Sharp & Dohme NZ Ltd) (Plate 6) containing 
Plate 7 Ea r tagging a new-born fallow fawn 
Plate 8 Blood sampling a fallow doe by jugular 
venepuncture 
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either a red, blue or green "cold" crayon (softest crayon available). 
Crayons were replaced at least every third day and colours were usually 
changed between oestrous cycles. 
In order to enhance mating marks, the pelage on the rump of 
melanistic (dark coloured) does was often bleached by swabbing with 
hydrogen peroxide (H202) solution. Heavy smears of crayon were usually 
wiped off with a cloth during yarding, otherwise they persisted through 
to the next oestrous cycle. 
Observation of does to detect recent crayon marks was conducted at 
least twice daily (0800 and 1600 h) with the aid of a telescope and 
oestrus was recorded to the nearest day of each valid observation • 
. ~Fawning data: During the fawning period all does were routinely 
monitored each day. Fawns were weighed (Salter spring balance) and 
tagged (Allflex small) within 12 hours of birth (Plate 7), as described 
by Asher & Adam (1985), and matched to their dams either from frequent 
observations of suckling activity, or by direct observation of 
parturition. 
Blood sampling: Approximately 10 ml of blood was collected into 
pre-labelled, plain (red stopper) Vacutainers (Becton-Dickinson & Co; 
New Jersey, USA) by jugular venepuncture while the deer were individually 
restrained in the cradle (Plate 8). The blood was chilled to 5 °C then 
centrifuged at 1200 G for 30 minutes, usually within three hours from 
collection. The serum portion was pipetted into label led glass vials and 
stored at -10°C until required for hormone analyses. 
1.3.4 : Radioimmunoassay of steroid and peptide hormones 
Radioimmunoassays to determine serum levels of progesterone, 
testosterone, androstenedione, luteinizing hormone (LH) and follicle 
stimulating hormone (FSH) were performed in the RARS hormone 
laboratories. The radioimmunoassay for oestradiol-17 S was performed at 
Table 1.3: Characteristics of antisera used in the radioimmunoassay of steroid hormones. 
Progesterone (p) . Testosterone (T) Androstenedione (A) Oestradiol 17-B (Oe2) 
Antigen P-ll-BSA* T-3-0-carboxymethyl A-6S succinyl-BSA Oe2-6 (O-carboxymethyl) 
oxime - BSA -oxime - BSA 
Host species rabbit goat sheep sheep 
Reference Rabbit 2 (RARS) No. 267 (RARS) - (RARS) Ewe 27 (WARe) 
Ii tre 1 evel 1:3000 1:4500 1 :4500 1:48000 
Storage freeze dried (1:1) frozen (1: 1) frozen (1: 100) frozen (1: 1) 
Cross-reactivity (%) 
progesterone 100 <0.1 <0.1 <0.1 
testos terone <0.1 100 0.2 <0.1 
androstenedione <0·1 <0.1 100 0.015 
oestradi 01-178 <0.1 <0.1 <0.1 100 
cortisol <0.1 <0.1 <0.1 <0.1 
cholesterol 1-5 <0.1 <0.1 <0.1 
2Q3-hydroxyprogesterone <0.1 - - <0.1 
2Oc-hydroxyprogesterone <0.1 - - <0.1 
17«-hydroxyprogesterone <0.1 - - <0.1 
pregnenolone <0.1 - - .<0.1 
epitestosterone <0.1 <0.1 <0.1 -
androstenedio1 <0.1 <0.1 <0.1 -
androsterone - <0.1 <0.1 -
androstanedione - <0.1 <0.1 -
118 -hydroxy testosterone <0.1 <0.1 <0.1 -
oestrone <0.1 <0.1 <0.1 7.3 
oestriol - - - 1.4 
oestradi 01-17« - - - 1.4 
i 
*BSA = bovine serum albumin 
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the Wallaceville Animal Research Centre (WARC), Upper Hutt. None of the 
above assays have been validated previously for fallow deer serum. 
As LH levels need to be expressed as ng of ovine equivalents, all 
hormone levels likewise are expressed in mass units for the sake of 
uniformity within this dissertation. 
Antisera: Details of the primary binding agents used in the 
radioimmunoassays are presented in Table 1.3 (steroid assays) and Table 
1.4 (LH assay). The cross-reactivity values (i.e. antisera specificity) 
had been determined prior to this study as the antisera have all been 
used routinely for the radioimmunoassay of hormone levels in ovine and 
bovine sera. 
Table 1.4: Char~cteristics of the antiserum used in the radioimmunoassay 
of luteinizing hormone (LH). 
Antigen 
Host species 
Reference 
Titre level 
Storage 
Cross-reactivity reactivity (%) 
NIH-LH-Sll 
NIH-FSH-S10 
NIH-TSH-S8 
NIH-GH-Sll 
NIH-P-S12 
NIH-P-B5 
ovine ACTH (Schwartz-Mann) 
ovine serum albumin 
bovine serum albumin 
bovine TSH (Schwartz-Mann) 
HPrl-VLS4 
hHS-1 (human FSH) 
Note: FSH follicle stimulating hormone 
NIH-LH-S11 
rabbit 
WARC 
1 :50 ,000 
frozen (1:1000) 
100 
0.4 
2.4 
0.4 
0.09 
0.16 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
TSH thyrotrophic stimulating hormone 
GH growth hormone 
P or Prl •••• prolactin 
ACTH •••• adrenocorticotrophic hormone 
I· .• 
t· - .. - - - ~ .• - . 
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Table 1.5: Summary of reagents and assay procedures for steroid radioimmunoassays. 
Source of ligand 
----
Progesterone{ P) I Testos 
Sigma Chemical Co 
0.10-0.20 
n-hexane 
3.5 
O. 
diet 
terone(T) 
-
Sigma 
05-0.10 
hyl ether 
3.0 
-
-----~-
Androstenedione(A) Oestradiol-17 (Oe2) 
Sigma Sigma 
0.50 1.0 
diethyl ether diethyl ether 
3.0 2 x 5.0 
- Sephadex LH-20 
--
Serum sample volume (ml) 
Extraction solvent 
Solvent volume (ml) 
Filtration medium 
Filtration solvent 
Buffer* 
- -
benzene:methanol (S5:15 
Initial antiserum dilution 
Co-precipitating protein 
Tritium label 
Labe 1 sou rce 
CPM 
Assay volume (ml) 
Incubation temperature (OC) 
Incubation period (h) 
Separation 
Bo as % of total CPM ( sd) 
Number of assays 
Number of determinations 
PBS 
1: 1000 
1.5% B~G 3 
(1,2,6,7,16,17- H)-
Amersham 
10000 
0.30 
4 
>12 
16.2% PEG 4000 
57.2:!:3.2 
55 
6000 
B 
1 
(1,2, 
AI 
21.0% 
45 
uffer A . 
1:lS00 
.51, BJG 
6,7 _lH)._ T 
mersham 
10000 
0.30 
4 
>12 
PEG 4000 
.7~2.4 
21 
2500 
-
Buffer A PBS + 0.1% gelatin 
1:1500 1:16000 
1.51, BdG -(1 2 6 7_1H)-A (2,4,6,7-1 H)-Oe2 , , , 
Amersham Amersham 
SOOO 10000 
0.30 0.30 
4 4 
>12 >12 
21.0% PEG 4000 charcoal + dextran 
42.4:!:2.S 43.0t1.1 
7 6 
500 300 , 
Footnote: Source of chemicals n-hexane (BOH); diethyl ether (BOH analytical grade); benzene (BOH); 
methanol (BOH); bovine gamma globulin (B G Cohn IV; Sigma Chemical Co). 
PEG 4000 (BOH); charcoal (acid washed; BOH); dextran (grade C; Sigma 
Chemical Co). 
* Refer to Appendix 1 for detai Is on buffers. 
.:, 
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Radioimmunoassay procedures: A summary of reagents and procedures used 
in each hormone radioimmunoassay is presented in Table 1.5 (steroid 
assays) and Table 1.6 (LH assay). However, further details of the assay 
procedures for each of the hormones investigated are described below. 
Table 1.6: Summary of reagents and assay procedures for the luteinizing 
hormone (LH) radioimmunoassay 
Ligand 
Serum sample volume (ml) 
Buffer* 
Initial antiserum dilution 
Label 
Label source 
CPM 
Assay volume (ml) 
Incubation temperature (OC) 
Incubation period (h) 
(a) antiserum 
(b) label 
(c) second antibody 
Separation 
Bo as % of total CPM 
Number of assays 
Number of determinations 
*Refer to Appendix 1 for details on buffers 
NI H-LH-Sll 
0.1 
PBS 
\ ~t~~~~~-LH-S11 
Amersham 
15,000 
0.5 
4 
24 
48 
24 
Second antibody 
62.0 
1 
300 
Progesterone: The assay used to determine serum progesterone 
concentrations for fallow does has been described and validated 
previously for bovine serum (Fairclough, Hunter & Welch, 1975). Serum 
samples (0.1-0.2 ml) were extracted in duplicate with 3.5 ml redistilled 
n-hexane (BDH, Poole, England) in 10 ml stoppered glass tubes (Quikfit) 
by shaking on a horizontal shaker for 10 minutes. The aqueous phase was 
frozen in an acetone:solid CO2 mixture and the extract decanted into a 
clean glass test tube (75 x 10 mm). After evaporation of hexane under a 
stream of dry air, the residue was dissolved in 0.1 ml progesterone 
antiserum at an initial dilution of 1:1000, 0.1 ml bovine gamma globulin 
(Cohn fraction IV, Sigma Chemical Co, USA; 1.5% w/v in PBS buffer), 
0.1 ml 3H-progesterone (10000 cpm), then briefly vortex mixed and left at 
o~ -' -'. 
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room temperature for 30 minutes. The assay mixture was then incubated at 
4°C overnight. To separate free from antibody-bound progesterone, 1.0 ml 
polyethylene glycol solution (BDH, PEG 4000; 16.2% w/v in distilled 
water) was added to each tube and mixed. The tubes were centrifuged at 
1700 G for 20 minutes in a refrigerated (4°C) centrifuge to precipitate 
the protein-bound steroid. The supernatant was removed by aspiration, 
the precipitate dissolved in 0.5 ml distilled water and the contents 
decanted into disposable plastic counting vials containing 7.0 ml 
scintillation fluid (4.0 g 2-5-diphenyloxazole [PPO; Koch-Light Ltd, 
Suffolk, England] per litre toluol:Triton X100 [Rohm & Haas NZ Ltd, 
Auckland], 2:1 v/v). Each vial ~as counted for 1.0 minutes in a liquid 
scintillation counter (Rackbeta). 
Quadruplicate qUantities of progesterone standard (0, 0.1, 0.2, 0.5, 
1.0, 2.0 and 5.0 ng; in 0.1 ml ethanol) were added to assay tubes 
containing 3.5 ml redistilled n-hexane and dried down under a stream of 
dry air. These standards were processed according to the procedure 
described for serum samples. A standard curve was constructed for each 
assay by plotting the tracer bound at each level as a percentage of that 
added (i.e. B/ T x 100) against the amount of progesterone added. 
Testosterone: Serum samples (0.05-0.1 ml) were extracted in duplicate 
with 3.0 ml diethyl ether (BDH, analytical grade) in 10 ml stoppered 
glass tubes. The remainder of the extraction procedure was identical to 
that described for progesterone. The residue was dissolved in 0.1 ml 
testosterone antiserum at an initial dilution of 1:1500, 0.1 ml 
3H-testosterone (10000 cpm), 0.1 ml bovine gamma globulin (1.5% w/v in 
Buffer A) and vortex mixed. The remainder of the assay was as for 
progesterone, except that polyethylene glycol was at a concentration of 
21.0% (w/v in distilled water) to produce a denser precipitate. 
. -" .. _. - ~ .. 
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Quadruplicate quantities of testosterone standards (0, 20, 50, 100, 
200, 500, 1000 and 2000 pg; in 0.1 ml ethanol) were added to assay tubes 
containing 3.0 ml diethyl ether and dried down under a stream of dry air. 
These standards were processed according to the procedure described for 
serum samples. 
Androstenedione: Duplicate serum samples (0.5 ml) were processed as for 
testosterone. The androstenedione antiserum was used at an initial 
dilution of 1:1500 and the tracer (~-androstenedione) contained 8000 cpm 
per tube. The range of standards was as follows: 0, 10, 20, 50, 100, 200 
and 500 pg; in 0.1 ml ethanol. 
Oestradiol-178 : The assay used to determine serum oestradiol-178 
concentrations for fallow does has been described and validated 
previously for red deer serum (Kelly ~~., 1982) and is similar to that 
described earlier by Peterson, Fairclough & Smith (1975). Single serum 
samples (1.0 ml) plus 1000 cpm ~-oestradiol-17 8 (added to measure 
recoyery from extraction and gel filtration; "recovery counts") were 
extracted twice in 5.0 ml redistilled diethyl ether (i .e. 2 x 5.0 ml) in 
20 ml glass test tubes by vortex mixing twice for 10 minutes. After each 
extraction, the aqueous phase was frozen in an ethanol:solid CO2 mixture 
and the extract decanted into a clean 15 ml glass test tube. The ether 
fraction, which also contained extracted recovery counts, was evaporated 
to dryness under a stream of dry nitrogen and dissolved in 0.2 ml 
benzene:methanol mixture (85:15; both solvents recently disti Iled). This 
mixture was then added to the top of a gel (Sephadex LH-20; Pharmacia 
Fine Chemicals AB, Uppsala, Sweden) filtration column (0.4 g LH-20, 
pre-swelled in benzene:methanol, held in a 2.5 ml glass syringe barrel 
and supported by a paper wad) and the resulting eluant was discarded. A 
further 3.4 ml of benzene:methanol was added to the column and the 
oestradiol fraction was eventually collected in a 2.0 ml benzene:methanol 
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fraction after the initial 1.4 ml eluant had been discarded. The eluted 
fraction containing oestradiol was evaporated to dryness under a stream 
of dry nitrogen and the residue was dissolved in 0.2 ml buffer (PBS + 
0.1% gelatin). Of this, 0.1 ml was transferred to a glass counting vial 
containing 1.0 ml distilled water and 7.0 ml scintillation fluid, and the 
individual recoveries after extraction and gel filtration were calculated 
after counting in a scintillation counter (Isocap 2000). 
To the remaining 0.1 ml of redissolved residue, 0.1 ml 
oestradiol-178 antiserum at an initial dilution of 1:16000 and 0.1 ml 
3H-oestradiol-17e (10000 cpm) were added. Each tube was briefly mixed by 
vortexing and then incubated at 4°C overnight. One ml of buffer 
containing charcoal:dextran (1.5 mg charcoal:0.25 mg dextran/ml buffer) 
was added t~ all tub~swithin a three minute period. The tubes were 
briefly vortex mixed and left at 4°C for a further 10 minutes. They were 
centrifuged at 1200 G in a refrigerated ~entrifuge (4°C) to precipitate 
the free (i.e. not antibody bound) hormone. The supernatant was decanted 
into glass counting vials containing 7.0 ml scintillation fluid. Each 
vial was counted for 10 minutes. 
Quadruplicate quantities of oestradiol-178 standards (0, 6.25, 12.5, 
25,50, 100, 200, 400 and 800 pg; in 10 ~l ethanol) were added to assay 
tubes containing 2.0 ml benzene:methanol solvent and dried down under dry 
nitrogen. These standards were processed according to the 
post-filtration procedures described for serum samples. 
As recoveries of 3H-oestradiol-17e after filtration were 
consistently above 90% (Table 1.7) serum values (calculated from 0.5 ml 
of sample) determined from the assay were not adjusted by individual 
sample recovery values. 
Luteinizing hormone (LH) The heterologous radioimmunoassay procedure 
used to determine serum LH concentrations for fallow does was similar to 
that described for sheep sera by Scaramuzzi, Caldwell & Moor(1970) and 
70 
has been validated in another laboratory (WARC) for red deer sera (Kelly 
et ~., 1982). A single LH assay was performed over a five day period. 
On day one, duplicate serum samples (0.1 ml) and quadruplicate standards 
(0, 0.025, 0.05, 0.1, 0.2, 0.3, 0.4, 0.8, 1.0, 1.5, 2.0, 4.0, and 10.0 ng 
NIH-LH-S11; in 0.1 normal rabbit serum) were aliquoted into clean glass 
test tubes (75 x 10 mm) containing 0.1 ml 0.005 M PBS buffer and 0.1 ml 
of human LH-free plasma (Waikato Hospital, Hamilton, NZ). To this was 
added 0.1 ml of ovine LH antiserum at an initial dilution of 1:40000. 
The tubes were vortex mixed and incubated at 4°C overnight. On day two, 
0.1 ml of 125 I_LH (15000 cpm; preparation described later) was added to 
each tube. They were vortex mixed and incubated at 4°C for 48 hours. 
Separation of free from antibody-bound LH was performed on day four. A 
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"second" antibody (goat anti-:rabbit gamma globulin) is normally used for i e 
this purpose, however, previous attempts to measure cervine LH in fallow 
deer serum showed that the resulting precipitate was of insufficient 
density for adequate separation. This was overcome by incorporating 5.0 
g microgranular cellulose (0.019 mm; Serva Feinbiochemica, Heidelberg, 
Germany) with 500 ml 5% polyethylene glycol (PEG 4000 in 0.9% saline 
solution). To this was added 33.3 ml of the second antibody serum. One 
ml of this mixture (1:15 initial dilution of second antibody) was added 
to each assay tube. The tubes were vortex mixed and incubated at 4°C 
overnight. On day five, the tubes were centrifuged at 1700 G in a 
refrigerated (4°C) centrifuge and the supernatant removed by aspiration. 
The preCipitate was counted in a gamma scintillation counter (LKB 
Mult i gamma). 
Radioiodination of ovine LH : Ten ~g NIH-LH-S11 was placed into an 
iodogenated (Iodogen; Pierce Chemical Co. USA; 50 ~l of 5 ~/ml lodogen 
in chloroform, dried down under nitrogen) test tube. To this was added 
0.5 mCi 125 1 (Amersham, UK). The tube was shaken gently, incubated at 
room temperature for 10 minutes, then 200 ~l 0.05 M phosphate buffer was 
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added. The mixture was transferred to a Sephadex G50 (Sigma Chemical Co, 
USA) gel filtration column using a silanized pipette and eluted using 
30 ml of veronal (sodium barbitone) buffer. One ml fractions of eluant 
were collected in silanized test tubes and the radioactivity of each 
fraction was counted to identify that which contained the labelled 
peptide. 
Glassware was silanized by soaking for one hour in a solution of 1% 
chlorotri-methyl silane in hexane (1% v/v). 
Follicle stimulating hormone (FSH) : Attempts to measure FSH levels in 
fallow deer serum, using an ovine FSH radioimmunoassay kit (NIH; 
Baltimore, USA) were not successful due to an apparently low 
~ross-reactivity of the ovine FSH antiserum (NIAMDD-anti-OFSH-l; rabbit 
anti-sheep) with cervine (fallow deer) FSH. 
Validation of radioimmunoassays for fallow deer serum: Validation 
details for the five successful hormone radioimmunoassays are presented 
in Table 1.7. The various parameters were assessed and calculated as 
follows: 
(i) Sensitivity: Sensitivity of each assay was defined as the least 
amount of hormone distinguishable from the 95% confidence limit of % 
tracer bound in blank (zero hormone) tubes (Ekins, 1970). 
(ii) Extraction efficiency: Extraction efficiency was calculated as the 
percentage recovery of radioactive ligand added to fallow doe 
(progesterone, oestradiol-17e) or castrated fallow buck (testosterone, 
androstenedione) serum following solvent extraction. 
(iii) Recovery: Recovery was assessed in two ways. First, for all 
hormones assayed, recovery (or accuracy) was determined by a~ding a range 
of known amounts of ligand to charcoal-stripped castrated buck serum 
Table 1.1: VALIDATION DETAILS OF RADIOIMMUNOASSAYS ON FALLOW DEER SERUM 
Progesterone Testosterone Androstenedione 
Assay sensitivity 0.03 ng 2.5 pg 5 pg 
Extraction efficiency 94.0±1.1 87.3±2.4 8l.1±3.4 
(:ttsd); n=10 
Proportion of tracer 
recovered after 
extraction and gel - - -
filtration (%±sd) 
Mean concentration of 4.39 ng/ml 1.96 ng/ml 395"pg/ml 
hi gh "control" sampl e (pregnant doe serum) (entire buck serum) (ent4re buck serum) 
Inter-assay CV 10.6% (n=72) 14.2"); (n=21) 17 .4% (n=7) 
Mean concentration of 0.77 ng/ml 0.65 ng/ml 
-
low "control" sample (castrate buck serum) (entire buck serum) 
-
Inter-assay CV 11.5% (n=95) 8.4% (n=15) -
Intra-assay CV 6.7% (n=250) 4.2:£ (n=50) 12.0% (n=50) 
Recovery of added 
hormone levels 
(mean ±sd); n=10 
o ng/ml 0.02±0.00 
1.0 ng/ml O.90±0.03 - -
5.0 ng/ml 4.31±0.21 - -
10.0 ng/ml 7.80±0.59 - -
o pg/ml lS.0±0.0 3.7±l.3 
50 pg/ml - 37.011.5 
200 pg/ml 168.4±8.2 159.6 ±11.4 
2000 pg/ml 1520.0±l56.0 -
- " -----------
Oestradiol-17 B 
5 pg 
97.0±3.1 
93.1 ±1.3 
(n=291) 
181.7 pg/ml 
(castrated buck serum 
+ oestradi 01) 
4.5:£ (n=6) 
45.7 pg/ml 
(castrated buck serum 
+ oestradi 01) 
7.8% (n=6) 
8.7% (n=10) 
-
-
-
5.8±1.9 (n=6) 
45.7±l.9 (n=6) 
181.7 :!s.2 (n=6) 
-
L- ___ 
---------
Luteinizing hormone 
0.1 ng 
-
-
refer to Figure 1.6 
-
refer to Figure 1.6 
-
5.8% (n=100) 
refer to Figure 1.6 
'----------- -
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(steroids) or entire buck serum (LH) and processing approximately ten 
replicates of each level in an assay. 
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Secondly, for the oestradiol-17 a assay, a trace amount of 
3H-oestradiol-17a was added to all unknown serum samples and 
radioactivity of an aliquot of the extract obtained after gel filtration 
(Sephadex LH-20 columns) was counted in the scintillation counter. 
(iv) Inter-assay coefficient of variation: Where more than one assay 
run was required to measure a specific hormone (i.e. steroids), high and 
low "control" samples were included at least once in each run. The 
inter-assay coefficients of variation (eV) were calculated from the 
following formula: 
ev = 100 sd 
----
where: sd is the standard deviation and 
X is the mean concentration of hormone. 
(v) Intra-assay coefficient of variation: Except for oestradiol-17a 
determinations, all hormones were measured using duplicates of unknown 
samples. A set number (Table 1.7) of samples was chosen for each run of 
an assay and the hormone concentration of each sample's duplicate was 
used to calculate the intra-assay ev. The average hormone level in each 
duplicate pair (x) and the difference between each duplicate pair (6) 
were tabulated. The standard deviation (sd) was calculated using the 
following formula: 
2 
sd = li-2n 
and the intra-assay coefficient of variation (eV) was calculated as 
follows: 
I 
I. 
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CV = 100 • sd 
X 
,where X is the grand mean of all concentrations. 
For oestradiol-17e, ten serum samples assayed in duplicate across 
five assay runs were used to estimate intra-assay CV using the above 
formula. 
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(vi) Parallelism (LH) : As no deer pituitary preparations or standards 
were available for testin~ in the LH radioimmunoassay, serial dilutions 
of pooled fallow doe serum from blood samples taken immediately following 
the onset of oestrus (2 to 12 hours), shown previously to have high 
concentrations of immunoreactive LH, were assayed together with entire 
fallow buck serum (collected in November 1984) containing known amounts 
of ovine LH (NIH-H-SII) and ovine standards in buffer. 
Serial dilutions of pooled oestrous doe serum exhibited an 
inhibition curve parallel to those generated for NIH-LH-Sll in entire 
buck serum and buffer (Figure 1.6), thus validating the ovine LH 
radioimmunoassay for measuring cervine (fallow deer) LH in serum. 
1.3.5 : Computer facilities 
Computing facilities at RARS consisted of a Prime 9750 computer. Data on 
hormone levels, morphological parameters, spermatozoal parameters and 
behavioural activities were analysed statistically using the general 
statistical programme, Genstat V (Lawes Agricultural Trust, Rothamstead 
Experimental Station). Smaller data sets requiring non-parametric tests 
were analysed using Minitab version 81.1 (Pennsylvania State University). 
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Figure 1.6 Inhibition curves of pooled oestrous fal low doe serum (6), 
NIH-LH-S11 in buffer (0) and in entire buck serum (e). 
Radioactivity in all cases is expressed as a percentage of 
the 125I_label led LH found in the buffer control tubes. 
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SECTION TWO 
GROWTH AND PUBERTY 
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2.1 Growth and puberty of fallow does 
2.1.1 : Introduction 
In the absence of more substantial physiological data, puberty in 
fallow does has been regarded simply as the age at first oestrus, 
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ovulation or mating, which have been variously assessed as occurring at 
16 months (Harrison & Hyett, 1954; Ueckermann & Hansen, 1968; Armstrong 
et ~., 1968; Chapman & Chapman, 1969, 1975; Baker, 1973; Reinken, 1977; 
Asher ~~., 1981; Sterba & Klusak, 1984; Asher & Adam, 1985). No 
attempts have been made to quantify these events in relation to older 
does (e.g. the onset of first oestrus within the breeding season). 
~Furthermore, no hormonal events have been investigated in this species. 
In this study, the growth and serum progesterone levels of fallow 
does were monitored through the period spanning pubertal oestrus. 
Furthermore, the proportion of juvenile does attaining puberty and the 
dates of their first oestruses were monitored in relation to those of 
older does. 
2.1.2 : Materials and methods 
Livestock and management: Fifty-six fal low does, born in December 1981, 
were obtained from two sources in 1982 (Section 1.3.2). Fourteen does 
from the Invermay Agricultural Research Centre (IARC) were transferred to 
the Ruakura deer unit in July (8 months of age) and 42 does from Kemba 
Fallow Farms (KFF) arrived in September (10 months of age). They were 
grazed as a single group until March 1985 (15 months of age), at which 
point each doe was allocated to one of four mating groups. Each mating 
group was approximately balanced for farm of origin and March (15 months 
of age) liveweight, and included a representation of older does (refer to 
Section 3.3.2). 
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On 5 April 1983, each group was joined with a single adult buck 
fitted with a ram mating harness (Section 1.3.3). One group (14 does) 
was run with a vasectomised buck for the entire duration of the breeding 
season (refer to 3.1). The other three groups (20 does each) were run 
with fertile bucks for at least 50 days (refer to Section 3.3). 
Liveweights and blood sampling: The 42 does from KFF were tagged and 
weighed at birth as part of an on-farm reproduction survey (Asher & Adam, 
1985). They were also regularly weighed on electronic scales (Tru-test 
N.Z. Ltd) and blood sampled (as per Section 1.3.3) at the farm of 
origin. Upon transfer to the Ruakura deer unit they were weighed and 
blood sampled (Section 1~3.3) at approximately monthly intervals until 
. ~arch 1983 (15 months of age) and thereafter at fortnightly intervals 
until May 1983 (17 months of "age). 
The 14 does from IARe were first weighed in late June (7 months of 
age) at the farm of origin. Thereafter, they were weighed and blood 
sampled at the Ruakura deer unit, as above. 
Oestrous detection : While the does were run with bucks, regular twice 
daily checks for crayon mating marks were conducted from the observation 
tower (Section 1.3.3). 
Progesterone analyses : A total of 780 serum samples were analysed for 
levels of progesterone (Section 1.3.4) in five successive assays. 
Statistical analyses: Liveweight and progesterone data are graphically 
presented as group means with 95% confidence intervals. Differences 
between means by sampling date were tested using Student's two tailed 
t-test. Serum progesterone data were normalised by logarithmic 
transformation before statistical testing. The relationship between 
pre-rut liveweight and the date of first oestrus was investigated by 
linear regression analysis and Pearson's correlation coefficient. 
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2.1.3 : Results 
Liveweight profiles The mean liveweight profile of fallow does up to 18 
months of age (Figure 2.1) shows seasonal trends in growth, with the most 
rapid liveweight gains (135 g/day mean daily gain for does' obtained from 
KFF) occurring between birth and weaning in March 1982 (3.5 months of 
age). Positive liveweight gains continued until February 1983 (14 months 
of age). From then to June 1983 (18 months of age) there were some 
losses in mean liveweight. However, there were no significant 
differences (P>O.I) between the mean liveweights for either doe group at 
the end of February (peak mean liveweights at 14 months of age) and their 
respective lowest mean liveweights in June (18 months of age). 
Mean liveweights for the two groups of does were significantly 
different (P<O .05) throughout most of the study peri od, with the rARe 
does being consistently heavier. However, the mean liveweight profiles 
were approximately parallel during this time. At 14 months of age the 
lightest doe weighed 30.0 kg and the heaviest doe weighed 38.0 kg. At 
16 months of age, during the time of first oestrus, the respective 
liveweights were 28.6 kg and 36.8 kg. 
Progesterone profile: Mean serum progesterone levels (Figure 2.2) were 
low (-D.5 ng/ml) for the first four months of sampling (5 to 9 months of 
age). Thereafter, there was a progressive increase in mean levels over 
October and November 1982 (10 to 11 months of age), to reach a constant 
mean level of ~2.0 ng/ml between December and March 1983 (12 to 15 months 
of age). A marked decline in mean serum progesterone levels occurred 
towards the end of March (15 months of age), immediately before the onset 
of first oestrus in April (16 months of age), but after the first oestrus 
there was a rapid increase (up to ~.O ng/ml) which exceeded any previous 
levels. The mean serum progesterone levels during the initi'al elevation 
(12-15 months) were significantly higher than during the first three 
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First oestrus: All but two of the 47 pubertal does run with fertile 
bucks in 1983 fawned as two-year-olds (December/January, 1983/84) and of 
the two non-pregnant does, one was observed to exhibit oestrus during the 
1983 rut. Furthermore, all nine pubertal does run with a vasectomised 
buck in 1983 (refer to Section 3.1) exhibited oestrous cycles. It is 
concluded therefore that at least 55/56 (98.2%) of the pubertal does 
exhibited oestrus at, or close to, 16 months of age. 
First oestrus was observed, either through direct observation of 
mating activity or by detection of crayon mating marks, for 47 of the 56 
-pubertal does. The mean date (±sd) of first oestrus was 2 May (±3.1 
days) and was not significantly different (P>O.l) from the mean date of 
first oestrus (i.e. 1 May±2.7 days) observed for 17 herd mates that were 
one year older. There was no apparent relationship between pre-rut 
(April) liveweight and the date of first oestrus for 16-month-old does 
(r=O.09, P>O.l). 
2.1.4 : Discussion 
Puberty in fallow does has been generally defined as the age at 
first oestrus, ovulation or mating, and there is ample evidence that 
these events first occur at 16 months of age (Armstrong ~~., 1969; 
Chapman & Chapman, 1969, 1975; Baker, 1973). However it is possible that 
does are of adequate liveweight and physical development at an earlier 
age but are under the inhibitory influence of prevalent environmental 
stimuli (e.g. photoperiod) with respect to the onset of oestrus and 
ovulation, as has been argued for other cervid species (Sadlier, 1969). 
This is supported by studies in which the onset of oestrus and ovulation 
were advanced several weeks in pubertal white-tailed deer does (Budde, 
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1983) and red deer hinds (Webster & Barrell, 1985) by the manipulation of 
photoperi od. 
A threshold liveweight for the onset of puberty has not been defined 
for fallow does. Data on lactational status of 27-month-old does on 
several northern New Zealand deer farms indicated that most does below 
30 kg at 16 months of age failed subsequently to rear a fawn (Asher, 
1985b). However, does in liveweight classes below 30 kg were 
under-represented relative to heavier does (G.W. Asher, unpublished data) 
and, furthermore, the fact that a fawn was not reared does not 
necessarily imply that the doe failed to ovulate at -l6 months of age or 
fawn at ~24 months of age. The statistics could actually represent 
increased fawn mortality with decreasing pubertal liveweight of the dam. 
As at least 55/56 (98.2%) of,the pubertal fallow does in this study 
exhibited oestrus at ~16 months of age, the threshold liveweight for 
puberty was clearly exceeded'even though some of the does were below 
30 kg at this age (the one doe that was not observed in oestrus, nor 
fawned as a two-year-old, was well in excess of 30 kg). In red deer 
hinds, the threshold liveweight for the optimum proportion of hinds 
exhibiting pubertal oestrus and ovulation has been assessed as 65 kg at 
15 months of age (Kelly & Moore, 1977; Hamilton & Blaxter, 1980), which 
represents ~70% of the pre-rut liveweight of average mature hinds (Fisher 
& Fennessy, 1985). A similar proportion of mature doe pre-rut liveweight 
(~40 kg : Asher & Gregson, 1982) is approximately 28 kg, which is lower 
than the lightest 16-month-old doe included in this study. The recorded 
average liveweights of 16-month-old does on some northern New Zealand 
deer farms ranged from 32-36 kg (Asher & Gregson, 1982) with surprisingly 
little within herd variation (s.d. < 2.0 kg; G.W. Asher, unpublished 
data) compared with red deer (s.d. ~.O kg); J.L. Adam, unpublished 
data}. As these liveweights represent about 80-90% of mature pre-rut 
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liveweight, few does on these farms would have been expected to fail to 
reach puberty at 16 months of age because of insufficient liveweight. 
The elevation of mean serum progesterone levels between 10 and 15 
months of age, followed by a marked decline immediately before the onset 
of first oestrus, has unknown significance, especially since the source 
of the hormone is not known. As this profile showed a markedly seasonal 
pattern, it is tempting to speculate that progesterone either had a 
direct role in reproductive development or, by a negative feedback 
mechanism, a role in regulating pituitary gonadotrophin secretion, thus 
indirectly controlling the rate of pubertal development. It is possible 
that elevated levels of blood progesterone between 10 and 15 months of 
age are necessary to prevent precocious oestrus and ovulation (and hence, 
pregnancy) in individuals thi;lt are not, as yet, fully entrained to the 
regulatory influences of environmental cues (e.g. photoperiod). This 
necessitates the further hypothesis that full reproductive competence is 
instated by the inhibition of progesterone secretion immediately prior to 
the normal breeding season (at 15 months of age), allowing for increased 
secretion of gonadotrophins required for oestrus and ovulation. 
In pubertal fallow does progesterone of ovarian origin, produced 
following ovulation or as a result of follicular luteinization, would 
indicate that periovulatory follicular development occurs at a time of 
the year when mature does are believed to be in deep anoestrum and are 
anovulatory (refer to Section 3.1). Furthermore, although the data may 
be limited, previous studies have not reported luteinized structures 
within the ovaries of fallow does less than 15 months of age (Armstrong 
et !l., 1969; Chapman & Chapman, 1969, 1975; Baker, 1973). Therefore, 
progesterone of extra-ovarian origin cannot be dismissed as the source of 
that measured in prepubertal does. 
Wesson et!l. (1979) found a significant rise in plasma progesterone 
levels in female white-tailed deer 30 minutes after immobilizing them 
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with the muscle relaxant, succinyl-choline chloride, and concluded that 
the increased stress while under non-sedated chemical restraint resulted 
in increased adrenal secretion of progesterone. Plotka ~~. (1983), 
from a series of experiments involving the use of anaesthetic drugs, ACTH 
stimulation of the adrenals and dexamethasone depression of the adrenals, 
provided evidence that the adrenal glands of female white-tailed deer are 
a significant source of progesterone. Similarly, progesterone is known 
to be secreted in significant amounts by the adrenal glands of rats 
(Resko, 1969; Fajer, Holzbauer & Newport, 1971) and cows (Gwazdauskas, 
Thatcher & Wilcox, 1972; Wagner, Strohbelm & Harris, 1972). These 
studies lend support to the hypothesis that the adrenal glands may be the 
primary source of progesterone in prepubertal fallow does. However, as 
the pattern of secretion was ,distinctly seasonal, it clearly could not 
stress-related. as has been implied from the studies on adrenal 
progesterone secretion in white-tailed deer (Wesson ~~., 1979; Plotka 
~~ •• 1983). Therefore, if it is of adrenal origin, the factors 
governing its seasonal secretion, in particular those governing its 
demise before first oestrus, warrant further investigation. Future 
studies on pubertal development of fallow does may gain further insight 
by investigating the effects of ovariectomy and adrenalectomy on the 
serum levels of sex steroids and gonadotrophins. 
Contrary to the case reported for red deer hinds (Hamilton & 
Blaxter, 1980), oestrus in pubertal fallow does was not significantly 
later in the breeding season than for older does. This suggests that in 
fallow deer the environmental stimuli for induction of oestrus and 
ovulation have similar potency between age groups, and does are 
adequately responsive to these cues at 16 months of age. However, data 
on fallow deer fawning dates from some northern New Zealand deer farms 
showed that first fawning does (24 months of age) gave birth 
approximately one week later than older does (Asher & Adam, 1985). As 
86 
the gestation length was not significantly different between age groups 
of does in the present study (Section 3.3), it is tempting to conclude 
that pubertal does on the commercial farms must have exhibited oestrus on 
average one week later than older does. This apparent conflict with data 
from the present study may reflect different management practices. 
Pubertal does were managed as distinct mating groups separate from older 
does on the commercial farms, whereas representatives of all the 
different age groups were included in each mating group in the study 
herd. Clearly, if the presence of older does had an influence on the 
onset of oestrus in pubertal does, pheromonal cues could be vital factors 
in within-herd synchronisation of oestrus. This will be discussed in 
Section 5.2. 
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2.2 : Growth and puberty of fallow bucks 
2.2.1 : Introduction 
In contrast to puberty in fallow does, which is regarded as the time 
of their first oestrus at 16 months of age (Section 2.1), puberty in 
fallow bucks has been defined as the period between the commencement of 
male hormone production and the formation of spermatozoa by the testes, 
rather than as one point in time (Chapman & Chapman, 1975). 
A number of studies have investigated testicular development of 
fallow bucks up to 16 months of age (Chapman & Chapman, 1969, 1970, 1975, 
1980; Chaplin & White, 1970, 1972; Baker, 1973; Sterba & Klusak, 1984). 
-These studies have all involved histological examination of testicular 
tissue from individuals killed at different ages. However, although 
corresponding changes in androgen secretion have been inferred from these 
studies (Chapman & Chapman, 1975; Eaton, 1980; Mulley, 1984), no blood 
hormone levels have been reported for fallow bucks. 
In this study, growth and serum androgen levels (testosterone and 
androstenedione) of both entire and prepubertally castrated bucks were 
monitored throughout the period spanning puberty. 
2.2.2 : Material and methods 
Livestock and management: A total of 32 fallow bucks, born in December 
1981, were obtained from KFF and transferred to RARS in September 1982 (9 
months of age). In May 1982, on the farm of origin, they were allocated 
to one of two unequal sized groups, approximately balanced for birth 
date, birth weight and March weaning weight. The bucks in the larger 
group (n=21) were polled (Section 1.3.2) and the remaining bucks (n=11) 
were castrated (Section 1.3.2). They were grazed as a single group 
throughout the study period (December 1981 to June 19~3). 
I" " 1- "~', __ ...... ; • ,_. 
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Liveweights and blood sampling: The bucks were all tagged and weighed at 
birth as part of an on-farm reproduction survey (Asher & Adam, 1985). 
They were weighed four times and blood sampled three times at the farm of 
origin. Following transfer to RARS they were weighed and blood sampled 
(Section 1.3.3) at approximately monthly intervals until December 1982 
(12 months of age) and fortnightly intervals until June 1983 (18 months 
of age). 
Hormone analyses: A total of 670 serum samples were analysed for levels 
of testosterone (n=21 entire and 11 castrated bucks) and 210 serum 
samples were additionally analysed for levels of androstenedione (n=5 
entire and 5 castrated bucks) (Section 1.3.4). 
Statistical analyses: The data are express~d as group mean profiles with 
the variance indicated by 95% confidence intervals for liveweights or 
standard errors of the means (sem) for serum androgen levels. 
Differences in mean serum androgen levels and mean liveweights between 
entire and castrated bucks were tested by Student's two-tailed t-test. 
Androgen data were normalised by logarithmic transformation before 
statistical testing. 
2.2.3 : Results 
Liveweight~iles : Liveweight profiles of the entire and castrated 
bucks from birth to 18 months of age are presented in Figure 2.3. 
Pre-weaning (0 to 3.5 months of age) mean growth rates for both groups 
were 187 g/day and between weaning and castration/polling (5 months of 
age) were 77 g/day. From this date until late September (9 months of 
age), effectively the winter period, there was no significant difference 
(P>O.l) between the mean growth rates of entire and castrated bucks 
(-34 g/day). However, beyond this pOint there was a clear distinction 
between the two groups. From late September (9 months of age) until 
late December (12 months of age) the mean growth rate of the entire bucks 
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was 125 g/day compared with 96 g/day for the castrated bucks (P<0.05) and 
the mean growth rates for the following period until late March (15 
months of age) were 46 g/day for entire bucks and 27 g/day for castrated 
buck (P<0.05). 
Mean liveweights of both entire and castrated bucks declined during 
the period coinciding with the 1983 rut (16 months of age). This 
represented a significant (P<0.05) loss in mean liveweight over a one 
month period in the entire bucks but was not significant (P>O.I) in the 
case of castrated bucKs (Student's t-test). As a result, mean 
liveweights of castrated and entire bucks were not significantly 
different (P>O.I) in early April (16 months of ,age). 
There were, however, increases in liveweight in both groups of bucks 
in May (17 months) followed by a further decline in June (18 months). 
During this two month period, mean liveweights of entire and castrated 
bucks were again significantly different (P<O.05). 
Androgen profiles: Mean serum testosterone and androstenedione profiles 
of the entire and castrated bucks are presented in Figure 2.4. The large 
variance on any sampling date, particularly during the pre-rut period, is 
evident from the wide standard errors of the means. In spite of this, a 
seasonal pattern of secretion is clearly evident from the mean serum 
level profiles, with both androgens showing similar trends. 
Between May (5 months of age) and late December (12 months of age) 
both androgens were present in peripheral serum at low levels compared 
with the following months and were not significantly different (P>O.I) 
between entire and castrated bucks on any sampling date, although it is 
apparent that mean levels in castrated bucks were consistently slightly 
lower for both androgens. 
From late December (12 months of age) through to the start of the 
rut (refer to Section 4.1) in late April (16 months of age) there was a 
i .. _. ---.--
i • ...::r:r.-;~_~_-..~.--:<_..:. 
;',-:.--" .. 
>~". '-' .-.• '.'. 
-';'.' . , 
. -~~- ~; --' . 
5 
-
4 E 
....... 
Ol 
c: 
'-' 3 
Q.) 
c: 
0 
~ 
Q.) 2 ... 
CJ) 
0 
... 
CJ) 
Q.) 1 ... 
0 
500 
Co 
E 400 ....... Ol Q. 
'-' 
Q.) 
c: 300 0 
:0 
Q.) 
c: 
Q.) 200 ... 
CJ) 
0 
~ 
"0 
c: 100 ~ 
0 
M 
r 
5 
Figure 2.4 
91 
rut 
~ 
J J A S 0 N 0 J F M A M J 
month 
6 7 8 9 10 1 1 12 13 14 15 16 17 18 
age (months) 
Profiles of mean (tselO) serum testosterone and 
androstenedione levels, from 5 to 18 months of age, for 21 
entire (. .) and 11 castrated (0 0) fallow bucks. 
: .' 
I.· 
I 
. .;." -- . ~' .. ,. -I 
.,. 
92 
progressive elevation of mean serum androgen levels in the entire bucks. 
Peak pre-rut mean levels were as high as 4 ng/ml testosterone and 
400 pg/ml androstenedione, both being an eight- to ten-fold increase over 
the apparently basal levels recorded between 5 and 12 months of age. 
Castrated bucks likewise showed a progressive elevation in mean 
serum testosterone, and to a lesser extent, androstenedione levels during 
this pre-rut period. However, the elevations were of a lower magnitude 
and the peak levels occurred earlier (early March) than in the case of 
entire bucks. 
During the rutting period (Figure 2.4) mean serum androgen levels of 
entire bucks declined, such that by mid May (17 months of age) 
androstenedione levels were similar to those observed between 5 and 12 
months of age and te~tosterone levels were only about two-fold higher 
than the early pre-rut levels. During May and June (17-18 months of age) 
mean serum testosterone levels in entire bucks were significantly higher 
than those of castrated bucks (P<O.05) but this was not the case with 
mean serum androstenedione levels (P>O.I). 
Pedicle development: Castrated bucks failed to develop pedicles during 
the study period. Entire bucks, which had been polled, did not develop 
or re-grow pedicles during the study; testifying to the success of the 
polling procedure. 
2.2.4 : Discussion 
The seasonal growth pattern of entire fallow bucks up to 15 months 
of age was similar to that observed on local fallow deer farms (Asher & 
Gregson, 1982) and was probably influenced mainly by seasonal changes in 
climate and feed availability. However, as observed for red deer 
(Blaxter et !l., 1974; Moore & Brown, 1977), there was an effect of 
prepubertal castration on growth rate, suggesting a stimulatory influence 
of sex hormones on growth in entire bucks. The most rapid post-weaning 
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liveweight gains of both entire and castrated bucks occurred between 9 
and 12 months of age. However, while there were significant differences 
in growth rate between entire and castrated bucks during this period, the 
observed mean serum androgen levels were not apparently different, 
although this may merely reflect inadequacies of the sampling regimen. 
The less rapid liveweight gains during the following three month period 
were also significantly different between entire and castrated bucks and 
did correspond to observed differences in mean serum androgen levels 
between the two groups. It is also noticeable that the relative 
difference in growth rates between entire and castrated bucks was greater 
during the latter period (12 to 15 months of age: 41%) than during the 
period of most rapid post-weaning liveweight gains (9 to 12 months of 
age : ~23%). This may be indicative of the stimulatory influence of 
androgens on growth of entire fallow bucks, although there is clearly an 
interaction with season, presumably due to differences in feed supply and 
quality, that cannot be defined precisely from the limited data obtained 
in this study. 
Pedicle development in entire fallow bucks normally occurs between 5 
and 10 months of age (Chapman & Chapman, 1975). However, prepubertal 
castration of fal low bucks inhibited pedicle development, as described 
earlier for white-tailed deer (Wislocki, Aub & Waldo, 1947). Pedicle 
development is believed to be under the influence of testosterone 
secreted by the developing testes in white-tailed deer (Goss, 
Severinghaus & Free, 1964) and red deer (Lincoln, 1971b; Suttie, Lincoln 
& Kay, 1984). This is supported by the studies of Wislocki, Aub & Waldo 
(1947) in which exogenous testosterone administration stimulated the 
development of pedicles in prepubertally castrated white-tailed deer. 
Furthermore, Jaczewski (1983) showed that testosterone administration to 
ovariectomised red deer hinds also induced pedicle development. It is, 
therefore, likely that castration of fallow bucks reduced the total 
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production of androgens during the early part of the study period (5 to 
10 months of age) but this was not altogether apparent from serum 
androgen levels recorded here (Figure 2.4). Clearly the major period of 
androgen secretion was between 12 and 15 months of age and differences in 
mean serum androgen levels between entire and castrated bucks were 
obvious at that stage. During this period, serum samples from entire 
bucks occasionally contained very low androgen concentrations 
(particularly in the case of testosterone). This could merely reflect a 
pulsatile pattern of androgen secretion, such as has been recorded in red 
deer stags (Lincoln & Kay, 1979; Suttie, Lincoln & Kay, 1984). The blood 
sampling regimen used in this study (individual samples every month or 
fortnight), therefore, is limited to showing gross seasonal androgen 
secretion profiles only, and. subtle differences in androgen secretion 
patterns between seasons or between groups of animals (e.g. entire versus 
castrated bucks) may be obscured as a consequence of the sampling 
interval. 
Given the above limitations, the hormonal data presented are 
consistent with studies on testicular morphology of pubertal fallow bucks 
which clearly showed a marked increase in testicular size and the onset 
of spermatogenesis between 10 and 16 months of age (Chapman & Chapman, 
1969, 1970, 1975, 1980; Chaplin & White, 1970, 1972; Baker, 1973). The 
rise in androgen secretion is, therefore, likely to be correlated with 
the development of testicular tissue. 
The present results indicate that androgens from extra-gonadal 
sources may be also present in pubertal fallow bucks. This is because 
both testosterone and androstenedione levels in the serum of castrated 
bucks rose between 12 and 14 months of age. The magnitude of peak mean 
serum androgen levels in castrated bucks was considerably less than that 
in entire bucks, but it is possible that extra-gonadal androgens may 
nevertheless contribute to the rise in androgen secretion at puberty in 
all fallow bucks. Elevation of serum androgen levels in the castrated 
bucks did not occur in subsequent years (Section 3.4), therefore 
extra-gonadal androgen production may be an event which is 
confined to puberty. 
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The most likely sources of extra-gonadal androgens are the adrenal 
glands. The adrenals are known to secrete androgens and oestrogens in 
adult humans (Baird, Uno & Melby, 1969) and progesterone in rats, cows 
and white-tailed deer (see Section 2.1.4). Similarly, after measuring 
plasma androstenedione and testosterone levels in adrenalectomised and 
control bull calves, Bass, Peterson & Payne (1978) concluded that the 
adrenal glands make a major contribution to the peripheral androgen pool 
in young (one- and two-week old) male cattle and may be necessary for 
pituitary feedback at: a time when little androgen is being secreted by 
the testes. Bubenik (1982) considered that testosterone is secreted by 
the adrenal glands of male deer. As with the present study on fallow 
bucks, peripheral serum testosterone levels were detectable in castrated 
male white-tail deer. Bubenik argued that small amounts of adrenal 
testosterone secreted during the period of testicular regression and 
aspermatogenesis in adult bucks may be necessary for normal velvet antler 
growth, which is inhibited during high levels of testicular androgen 
secretion. Treatment of entire white-tailed bucks with the antiandrogen, 
cyproterone acetate, effectively prevented velvet antler growth after 
antler casting, providing supporting evidence that low concentrations of 
androgens are necessary for antler growth. 
There appears to be a paucity of studies on the role of the adrenals 
in puberty. The rise in mean serum androgen levels in castrated fallow 
bucks occurred in coincidence with the early phase of increased androgen 
secretion in entire bucks, particularly between 12 and 14 months of age, 
and was not sustained when mean serum androgen levels of entire bucks 
were maximal (15 months of age). It is possible that extra-gonadal 
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androgens are secreted to supplement gonadal androgen secretion during 
the early stage of testicular development in entire bucks. This may 
serve to help regulate pituitary secretion of gonadotrophins or to prime 
hitherto immature target organs. It is interesting to note that the 
extra-gonadal androgens did not stimulate pedicle development in the 
castrated bucks. Therefore, either insufficient amounts of androgen were 
secreted or it was secreted in a season when the primordial pedicle 
tissues were not responsive to androgens. As the mean liveweights of the 
castrated bucks between 12 and 14 months of age (>35 kg) were greater 
than those of entire bucks when the latter would normally grow pedicles 
(presumably between 5 and 10 months of age; Chapman & Chapman, 1975) it 
is unlikely that the castrated. bucks were of insufficient size to 
initiate and m~intain pedicl~ development in response to extra-gonadal 
androgens. Further speculation is limited by the paucity of data on the 
source of the extra-gon~dal androgens and the frequency of blood sampling 
used in this study. 
Maximal serum androgen levels of entire bucks were not maintained 
throughout the whole of the rut period. However, although mean serum 
androstenedione levels returned to early prepubertal values, mean serum 
testosterone was maintained at moderately elevated levels at 17 and 18 
months of age. Rapidly declining serum testosterone levels during the 
rut period were also a feature of the serum testosterone profile of older 
entire bucks (Section 3.4) and, therefore, were not an artifact of 
puberty. This aspect will be discussed in detail in Section 3.4. It is 
noticeable, however, that peak mean serum testosterone levels were 
considerably lower for pubertal bucks (i.e. ~ ng/ml) than for adult 
fallow bucks (i.e. ~12 ng/ml; Section 3.4). This presumably reflects 
relative differences between the two age groups in the mass of testicular 
tissue. 
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Although the onset of puberty in fallow bucks shows similarity to 
the annual seasonal development of reproductive competence in adult bucks 
(Section 3.4), as argued for red deer stags (Lincoln, 1971a; Lincoln & 
Short, 1980), there are likely to be some major differences. Results of 
this study, for instance, suggest that the synthesis and secretion of 
extra-gonadal androgens may be confined to puberty, although their 
physiological significance is, as yet, unknown. A greater insight into 
pubertal development in fallow bucks would be obtained from an 
investigation into the temporal relationships between gonadotrophins and 
steroids in entire and castrated bucks. This would necessarily involve 
higher frequency blood sampling than used in this study. However, the 
androgen profi les presented in Figure 2.4 do identify critical periods in 
. . 
pubertal development that warrant further investigation, namely; the 
period of pedicle development (5 to 10 months of age), the transitional 
period immediately before the major serum androgen elevation (12 months 
of age), the period of major serum androgen elevation in castrated bucks 
(13 to 14 months of age), the period of peak androgen secretion in entire 
bucks (15 months of age), the rut period when serum androgen levels are 
declining (16 months of age), and the post-rut period (17 and 18 months 
of age). Further studies on fal low bucks also may benefit from an 
investigation into the effects of sequential castration, adrenalectomy, 
androgen replacement therapy and ACTH challenge. 
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3.1 The oestrous cycle and breeding season of fallow does 
3.1.1 : Introduction 
Although originally reported as being monoestrous (Harrison & Hyett, 
1954; Hamilton, Harrison & Young, 1960; Asdell, 1964); fallow does are 
now known to be seasonally polyoestrous (Cowan, 1965; Armstrong et ~., 
1969; Chapman & Chapman, 1969, 1975; Baker, 1973). However, the length 
of the oestrous cycle and the duration of the potential breeding season 
have not been investigated in detail. The aim of this study was to 
measure the length and variation in length of oestrous cycles, to record 
the number of cycles which can occur in the potential breeding season, 
-and to monitor serum progesterone concentrations throughout the breeding 
season. 
3.1.2 : Materials and Methods 
Livestock and management: Three groups of fallow does of various ages 
(Table 3.1) were each grazed continuously with a crayon-harnessed 
vasectomised buck from 25 March to 10 October 1983 (Group 1), 25 March to 
15 November 1984 (Group 2) and 15 April to 15 November 1984 (Group 3). 
Group 3 does had their first oestrus synchronized, using 
progesterone-impregnated CIDRs, for another trial (refer to Section 3.2). 
The three groups were grazed in 0.25 ha paddocks, all within 150 
metres of the observation tower. Meadow hay was provided ~ lib. and 
occasional feeding of whole kernel maize was carried out to accustom deer 
to the presence of humans. 
Oestrous detection: All three groups of deer were observed, with the 
assistance of a telescope, at least twice daily while the bucks were 
present so that any mating-related behaviour and crayon matirig marks 
could be recorded (Section 1.3.3). 
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Table 3.1 Summary of number and ages (March) of fallow does studied 
throughout the breeding season. 
Doe age (months) 
15 27 39+ Total 
Group 1 (1983) 9 5 0 14 
Group 2 (1984) 1 6 7 14 
Group 3 (1984) 0 6 0 6 
Total 10 17 7 34 
Blood sampling: The frequency of blood sampling (Section 1.3.3) was 
daily (0800-0900 h) from 5 April until 24 June 1983 (at least two 
complete oestrous cycles) for Group 1, every third day (1030-1130 h) from 
12 March (~rior to tbebreeding season) until 10 October 1984 (cessation 
of cycling) for Group 2, and every third day (1030-1130 h) from 16 April 
(insertion of CIDR) until 10 October 1984 for Group 3. 
Progesterone analyses: A total of 2450 serum samples were analysed for 
levels of progesterone (Section 1.3.4) in 22 successive assays. 
Statistical analyses: The data were analysed by analysis of variance 
(Genstat), Student1s t-test or regression analysis (Minitab) as 
appropriate, except for the individual animal component of variation of 
sequential cycle lengths, which was examined by the x2 test on the 
frequency of individual differences between first, second and third cycle 
lengths. The 95% confidence intervals for mean progesterone levels were 
constructed from the t-interval for n-1 degrees of freedom. 
3.1.3 : Results 
Onset of the breeding season: Every doe was detected in oestrus, with 
the mean dates of first oestrus (Table 3.2) being significantly different 
between Groups 1 (1983) and 2 (1984) (P<O.Ol, Student1s t-test). The 
first oestrus in Group 3 does, which had been artificially synchronized, 
occurred between the mean dates for the other two groups. The standard 
".,.--' 
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deviation of the mean date of first oestrus was only about three days for 
Groups 1 and 2 (Table 3.2). 
Table 3.2 Mean dates of first oestrus for groups of fallow does in 1983 
and 1984 and the number of does detected in oestrus at each 
successive oestrus period. 
Oestrus period detected 
No. 
Mean date of 
first oestrus 
(sd days) 1st 2nd 3rd 4th 5th 6th 7th 
Group 1 14 2 May (3.0) 14 13 13 142 10 o o 
1983 
Group 2 14 24 Ap ril (3.1) 14 14 14 14 13 10 3 
1984 
Group 3 6 28 Apri 11 (0.6) 6 6 6 6 5 2 0 
-1984 
Total 
One doe (W41, Group 1) was not detected in oestrus when its 
contemporaries had a second and third oestrus, although oestrus was 
detected 68 days after first oestrus. The serum progesterone profile 
obtained from this doe indicated that ovulatory cycles did occur within 
this period. A fourth oestrus was noted for all does (including W41), 
thereafter a declining proportion of each group exhibited periods of 
oestrus (Table 3.2). 
Length of the oestrous cycles: By means of direct observation of mating 
activity and/or crayon marks left on does by the harnessed bucks, 
evidence of oestrus was detected on 177 occasions, resulting in a total 
of 142 valid observations of oestrous cycle length. Mean oestrous cycle 
length was 22.4 days (excluding doe W41) with a range of 20 to 27 days 
(Figure 3.1). Cycle length increased as the breeding season progressed, 
with the differences between the means for the first, second and third 
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Figure 3.1: Frequency histograms of fallow deer oestrous cycle lengths 
observed in 1983 and 1984. 
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cycles being significant (P<0.05, Student's t-test), thereafter they 
became more variable (Table 3.3). 
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A significant proportion of does had increased cycle lengths between 
the first and second cycles (P<0.01, x2 test), first and third cycles 
(P<0.01) and second and third cycles (P<0.05). Year, doe age and doe 
liveweight did not significantly affect oestrous cycle length throughout 
the breeding season (P>0.1, ANOVA). 
Table 3.3 Mean oestrous cycle lengths of fallow does recorded 
throughout the breeding season. 
Cycle No. Mean length (days) sd 
1st 33 21.0 0.64 
2nd 33 22.0 0.66 
3rd 33 22.9 0.97 
4th 28 23.0 loll 
5th 12 23.5 1.45 
6th 3 25.7 1.53 
Total 142 22.4 1.32 
Duration of the breeding season: The number of detected oestrous cycles 
varied from 3 to 6, with the duration between first and last oestrus 
varying from 65 to 135 days. Pubertal does (16 months old) had fewer 
cycles than older does (P<O.05, Student's t-test). Does in their second 
breeding season had fewer cycles than mature does (P<O.05) (Table 3.4). 
Within each age group there was a positive but non-significant 
relationship between pre-rut (late March) liveweight and the number of 
oestrous cycles observed (P>O.1, regression analysis). However, both doe 
age and liveweight may be confounded by year as there was an unavoidable 
unbalanced age distribution between 1983 and 1984 groups (Table 3.1). 
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Table 3.4 Duration of the potential breeding season (number of 
oestrous cycles) in fallow does of three different age 
categories. 
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Doe age No. of Mean number Mean date of Mean date of 
(months) does of cycles first oestrus last oestrus 
(sd) (sd days) (sd days) 
16 9 3.56 (0.53) 2 May (2.8) 20 July (12.4) 
28 17 4.24 (0.56) 27 Apri 1 (4.5) 30 July (12.5) 
40+ 7 5.43 (0.54) 24 Apri 1 (3.3) 25 Aug (15.1) 
Progesterone profiles: The composite serum progesterone profiles of 
daily and three-day means standardised around the date of oestrus (Day 0) 
illustrate cyclic progesterone secretion of luteal origin (Figure 3.2). 
~estrus occurred only when serum progesterone levels were low 
«1.0 ng/ml) and was followed by a gradual rise in levels to reach peak 
values (3.0-8.0 ng/ml) between Days 12 and 15. Subsequent luteolysis 
occurred between Days 16 and 20 inclusive (Figure 3.2, a). This basic 
secretion pattern of first and second oestrous cycles was repeated by 
Group 2 and 3 does in all cycles throughout the entire breeding season 
(Figure 3.2, b & c; Figure 3.3). Individual progesterone profiles of all 
Group 1 and 2 does are presented in Appendix 2 while those of Group 3 are 
presented in Figure 3.4 (Section 3.2). 
The occurrence of silent ovulations before first oestrus: Between one 
and three transient increases in progesterone secretion preceded the 
first oestrus in 13/14 (93%) of does in Group 1 (Figure 3.2; Figure 
3.3,a; Appendix 2). A similar phenomenon was apparent for Group 2 does, 
but the three-day blood sampling regimen was not of sufficient frequency 
to allow precise monitoring of this event. The magnitude of the maximum 
progesterone rise was generally 2-3 times the preceding basal values and 
the peak serum concentration frequently exceeded 1.5 ng/ml. 
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progesterone levels during the breeding season for (a) Group 
1 fallow does (n=13; dai ly blood sampliny) with normal 
oestrous cycles (profile excludes Doe W41)t (b) Group 2 does 
showing evidence of six luteal cycles (n=11; 3-day blood 
sampling) and (c) Group 3 does (n=6; 3-day blood sampling) 
whose first oestrus had been artificially synchronized. 
Arrows indicate day of oestrus. 
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Occurrence of silent ovulations after the last recorded oestrus: 
Progesterone profiles obtained throughout the entire breeding season for 
does in Groups 2 and 3 showed that the last recorded behavioural oestrus 
was followed by a luteal cycle of normal duration in 18/20 (90%) does 
(Figure 3.3, b, Doe W34; Appendix 2). Five does continued to show cyclic 
patterns of progesterone secretion at the end of the breeding season, 
after the last detected oestrus (Figure 3.3, b, Doe W46). Therefore, 
first and last dates of oestrus did not necessarily precisely delineate 
the seasonal period of ovulatory activity. One doe was still exhibiting 
progesterone cycles, without exhibiting oestrus, at the cessation of 
blood sampling (Appendix 2, DoeW96). 
In some does (Figure 3.3,b; Doe 09) a short-lived corpus luteum may 
have occurred after the last ·full length cycle, as indicated by transient 
elevations of serum progesterone. Thereafter, in all does, progesterone 
secretion remained low throughout the remainder of the sampling 
programme, which ended in October. 
3.1.4 : Discussion 
This study has confi rmed that fallow deer are seasonally 
polyoestrous. The potential breeding season of fallow does is 
considerably longer than is indicated by the length of the "rut" (overt 
sexual activity of the buck; refer to Section 4.1). 
The mean first oestrous cycle length of 21.0 days and overall mean 
cycle length of 22.4 days are intermediate between the recorded oestrous 
cycle lengths of red deer (17.5 days; Lincoln, Youngson & Short, 1970; 
18.3 days; Guinness, Lincoln & Short, 1971; 18.2 days; Kelly & Moore, 
1977; 1H.8 days; Krzywinski & Jaczewski, 1978) and Odocoileus spp. (22-29 
days; Cheatum & Morton, 1946; Verme, 1965; West, 1968; Thomas, 197U; 
Thomas & Cowan, 1975; Plotka et !l. 1977a, 1977b, 1980) and similar to 
that reported for wapiti (21.2 days; Morrison, 1960 a). Oestrous cycle 
lengths recorded here are less than the 24-26 days suggested for fallow 
., . 
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deer by Cowan (1965) and Baker (1973), however these estimates were based 
on very few observations. 
A notable feature of the present data is the low variance 
encountered for the mean length (days±sd) of the first (21.0jfl.64), 
second (22.0±0.66) and third (22.9±O.97) oestrous cycles of fallow does 
(Table 3.3) compared with data for red deer (Lincoln, Youngson & Short, 
1970; Guinness, Lincoln & Short, 1971; Kelly & Moore, 1977; Krzywinski & 
Jaczewski, 1978). Two possible explanations could account for this. 
First, low genetic variation, implied by studies showing a lack of serum 
and structural protein polymorphism in British fallow deer (Pemberton & 
Smith,1985), may be influential in restricting phenotypic variation. 
Secondly. the synchronization of oestrous cycle length in these fallow 
does may have arisen from the effects of female pheromones, as 
demonstrated for rats (McClintock, 1984), and this phenomenon may be 
more "marked in fallow deer than, perhaps, in other cervid species. 
Progesterone profiles over entire oestrous cycles (Figures 3.2 and 
3.3) also show a highly repeatable pattern between does. Mean serum 
progesterone concentrations were lowest on the day of oestrus, with a 
gradual increase to reach luteal phase levels over Days 9 to 16. Luteal 
regression appeared to start five days before the next oestrus. A 
consistent pattern of plasma progesterone has not always been evident 
during the oestrous cycle of red deer hinds (e.g. Kelly, McNatty & Moore, 
1985) and may have been influenced by the presence of accessory corpora 
lutea wich are not a feature of fallow deer reproduction (Armstrong ~ 
~., 1969; Baker, 1973; Chapman & Chapman, 1975). However, recent 
studies by Adam, Moir & Atkinson (1985) have revealed plasma progesterone 
profiles during the oestrous cycle of red deer that are similar to those 
presented here for fallow deer. The disparity in results between various 
red deer studies remains to be explained. 
Silent ovulations precede those accompanied by overt oestrus in 
various cervids including wapiti (Morrison, 1960 b), moose (Simkin, 
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1965), black-tailed deer (Thomas & Cowan, 1975), white-tailed deer 
(Plotka et !l., 1977 b, 1980; Harder & Moorehead, 1980) and red deer 
(Webster & Barrell, 1985). Ovarian examination by laparoscopy of seven 
contemporary fallow does in 1984, about one week before first oestrus, 
revealed that all had ovulated and that a single corpus luteum was 
present in each (refer to Section 5.2). This strongly suggests that the 
transient elevations in progesterone before first oestrus were in fact 
secretions from short-lived corpora lutea (Figure 3.3) and occurred in 
the majority of does (Appendix 2). Some does appeared to have had two or 
more such events in succession (Figure 3.3). Therefore, the onset of 
ovulatory ~ctivity was less synchronous than that of first oestrus 
(Figure 3.3 and Table 3.2). To account for this phenomenon it is 
possible that an environmental factor(s) is synchronising first oestrus 
by causing a switch from silent ovulations to ovulations preceded by 
overt oestrus and converting transient corpora lutea to corpora lutea of 
norma 1 1 ongevi ty. 
The short life-span of corpora lutea of the silent ovulations may be 
an endogenous factor in the synchronisation of the first oestrus. This 
is because once the environmental synchronising factor(s) is operative, 
luteal regression can occur within a few days (9 to 11 days) rather than 
having to wait for up to three weeks (as for a normal corpus luteum 
life-span). As a result, the effect of the environmental factor(s) soon 
results in oestrus. This possibility is supported by the fact that the 
range of dates of first oestrus for these does was 12 days, this being 
considerably less than the length of an oestrous cycle. 
Recent observations on fallow deer near Sydney, Australia (latitude 
34° south) showed that a short (11 day) oestrous cycle initiated the 
breeding season in some does (R.C. Mulley; pers. comm.). As this herd is 
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sited 3-4 0 nearer the equator than the Ruakura herd, the different events 
at the start of the breeding season at the two locations indicates that 
photoperiod may be one of the main factors synchronising first oestrus. 
It was interesting to note from the Australian data (cited above) that 
first oestrus was not necessarily followed by a corpus luteum of normal 
longevity, which suggests that the environmental cues required for overt 
oestrus do not necessarily match those required for normal luteal 
development. Oestrus followed by short-lived corpora lutea did not occur 
in the fallow does at Ruakura. Short oestrous cycles (7 to 9 days) have 
been observed in red deer hinds at the start of the breeding season in 
Scotland (Guinness, Lincoln & Short, 1971) and a similar phenomenon has 
been observed in white-tailed deer in USA (Harder & Moorehead, 1980) and 
in domestic goats (Camp~.~ .. .L., 1983). 
A far greater degree of synchronisation of first oestrus was 
achieved in Group 3 does by timed withdrawal of exogenous progesterone 
(refer to section 3.2 for details). As induced oestrus in the treated 
does occurred at the same time as first oestrus in the untreated does 
(Group 2) it can be argued that artificial induction of oestrus did not 
prejudice the measurement of the duration of the breeding season of the 
treated does. 
The apparent occurrence of silent ovulations during the breeding 
season was observed in only one doe (W41), the progesterone profile of 
which clearly shows that the 68 day cycle comprised three normal length 
luteal cycles (Appendix 2). For this reason, the multiple cycle was 
disregarded with respect to calculations of oestrous cycle length~ 
Similar events have been observed with red deer hinds (Guinness, Lincoln 
& Short, 1971). 
An apparently silent ovulation followed the last recorded oestrus of 
5/20 does in Groups 2 and 3, with the resulting corpora lutea being of 
normal longevity (Figure 3.3, b, Doe W46). In view of casual 
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observations of declining libido of the vasectomized bucks towards the 
end of the breeding season, these events may reflect a failure of the 
bucks to detect or respond to oestrus. Only one doe apparently failed to 
develop a normal corpus luteum after the final oestrus (Appendix 2, Doe 
W99). This was its seventh period of oestrus and the last detected 
oestrus in any does of the 1984 season. A transient rise in progesterone 
values was observed near to the termination of the breeding season in 
some does (e.g. Figure 3.3, b, Doe 0.9). These events may represent 
secretion from transient corpora lutea and mirror the events occurring at 
the onset of the breeding season. 
Increasing length and variability of oestrous cycles as the season 
progressed (Table 3.3) also occur in red deer (Guinness, Lincoln & Short, 
1971). Th~ progesterone profiles of some Group 2 and 3 does (refer 
Appendix 2) suggested that behavioural oestrus may have been increasingly 
delayed after the decline in progesterone concentrations following 
luteolysis, thus contributing to increasing cycle length. A more 
intensive blood sampling regimen over successive peri-oestrous periods 
would be required to validate this observation. 
The apparent effect of age upon the length of the potential breeding 
season of fallow does (Table 3.4) is in agreement with that observed for 
domestic sheep (Hafez, 1952, Dyrmundsson, 1973). This age effect in 
fallow does was primarily expressed as variation in occurrence of last 
recorded oestrus (Table 3.4). The maximum duration of the breeding 
season, the period between first and last oestrus, was six cycles (seven 
periods of oestrus) or -135 days, observed for three mature does. Al I 
, does cycled after the shortest day, but younger does may have been more 
sensitive to increasing daily photoperiod than older does, which would 
explain why younger does were the first to become anoestrous. 
Alternatively, young does may become refractory to the stimulatory 
environmental factor(s) more rapidly than mature does. 
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3.2 Hormonal changes around oestrus 
3.2.1 : Introduction 
Oestrus is defined as periodic sexual receptivity of the female 
towards the sexual advances of the male. It is a behavioural strategy to 
ensure that mating occurs near the time of ovulation and is a 
characteristic of all mammals except man (Short, 1984). Although defined 
in behavioural terms (refer to Section 4.2), oestrus is induced by 
temporal changes in endogenous hormone secretion. In common domestic 
ruminants such as sheep (Baird, Swanston & McNeilly, 1981) cattle 
(Walters & Schallenberger, 1984) and goats (Mori & Kano, 1984), the 
oestrous, or preovulatory, period is characterised by similar temporal 
relationships between the secretion of ovarian steroid hormones and 
pituitary gonadotrophins. However, there is a paucity of such knowledge 
for cervid species, probably due to difficulties in obtaining frequent 
serial blood samples and positively identifying oestrus. Hormonal 
profiles obtained from blood samples collected daily during the oestrous 
cycles of roe deer (Schams, Barth & Karg, 1980), white-tailed deer 
(McKeown & Sadlier, 1978; Plotka ~~., 1Y80) and red deer (Kelly, 
McNatty & Moore, 1985) have provided some insight into the endocrine 
control of oestrus and ovulation. However, the blood sampling regimens 
have lacked sufficient precision to determine fully the temporal 
relationships of the hormones investigated. 
The objective of the present study was to monitor intensively, by 
hourly blood sampling, the temporal relationship of progesterone, 
oestradiol-17e, androstenedione, luteinizing hormone and follicle 
stimulating hormone during the oestrous period of fallow does. 
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3.2.2 : Material and Methods 
Livestock and management: Six nonparous, rising three-year-old fallow 
does (Group 3, Section 3.1), run continuously with a vasectomised buck 
during the previous year's (1983) breeding season (part of Group 1, 
Section 3.1), had their first oestrus of 1984 artificially synchronised 
by timed withdrawal of a source of exogenous progesterone. A single 
silicone elastomer (po1ydimethy1si loxane) device impregnated with 0.5 g 
progesterone (CIDR [Controlled Internal Drug Release]; AHI Plastic 
Moulding Co., Hamilton, NZ) was inserted intravagina11y into each doe on 
16 Apri 1 and removed on 25 Apri 1 (9 days 1 ater). Two days before CI DR 
removal, the hair of each doe's hindquarters was bleached with hydrogen 
peroxide solution (Section 1.3.3) and following CIDR removal the does 
were run with a crayon~harnessed vasectomised buck. Numerous 
observations were made over the next 60 hours to detect mating marks and 
signs of overt oestrus. 
Second oestrus was predicted to occur 21 days after the induced 
oestrus. From day 20 of the first oestrous cycle, the six does and a 
hand-reared, post-puberta1ly castrated buck injected i.m. four weeks 
earlier with 8.0 ml suspension of testosterone esters in oil (Durateston; 
Intervet, Auckland, NZ) to induce libido, were enclosed in the portion of 
the raceway proximal to the handling faci lity. Adequate pasture, meadow 
hay and pe11eted feed rations were on offer during the 46 hour period of 
confinement. During this period the does were frequently blood sampled 
and continual checks were made for mating marks and signs of overt 
oestrus. On completion of the sampling programme the does and a 
harnessed-vasectomised buck were returned to 0.25 ha paddocks for the 
remainder of the breeding season (Group 3, Section 3.1). 
Blood sampling: From the day of insertion of the CIDRs (16 April) until 
the start of intensive sampling (17 May) the does were blood sampled 
(Section 1.3.3) approximately every two days. From the end of intensive 
. ...: -·0· _. __ _ 
sampling (19 May) until the cessation of all overt cyclic activity (10 
October) they were blood sampled every three days. 
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The intensive sampling period was from 06UO h, 17 May until 0400 h, 
19 May (46 hours). The does were yarded, individually restrained in the 
cradle and blood sampled every hour. Samples were drawn from the left 
external jugular vein into 10 ml plain glass Vacutainers, with each 
puncture site (21 gauge needle) placed immediately below the previous 
site. Skin covering the left jugular vein had been shaved previously and 
was cleaned with antiseptic solution (Chlorhexidine gluconate, Hibitane; 
ICI, UK) after each sampling. The does were returned to the buck in the 
raceway after each yarding, which lasted about five to six minutes. 
-Hormone analyses: A total of 650 ~erum samples were analysed for levels 
of progesterone and 280 serum samples (hourly samples) were additionally 
analysed for levels of androstenedione, oestradiol-17S and luteinizing 
hormone (Section 1.3.4). No data are presented for follicle stimulating 
hormone (FSH) as the ovine FSH radioimmunoassay showed very poor 
cross-reactivity with fallow deer FSH (Section 1.3.4). 
Statistical analyses: Individual hormone profiles of all six does are 
presented. In addition, mean serum hormone levels of four does, 
standardised to the onset of oestrus, are presented with the variance 
indicated by standard errors of the means. Differences between mean 
serum hormone levels between particular sampling times were tested using 
Student1s two-tailed t-test. 
3.2.3 : Results 
Occurrence of oestrus All six does were marked by the vasectomised buck 
between 48 and 56 hours following CrOR removal (mean ±Sd = 51.8±3.6 h). 
A second oestrus, therefore, was predicted to occur 21 days later, on 18 
May. During the period of hourly blood sampling spanning this date, the 
six does returned to oestrus within a 19 hour period. A third oestrus 
was detected for all does between 21 and 22 days from the second oestrus, 
, . 
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indicating that ovulation had occurred around the time of intensive blood 
sampling. 
Evidence of normal oestrous cycles : Individual doe serum progesterone 
profiles over the entire breeding season, starting from CIDR insertion on 
16 April, are presented in Figure 3.4. In each case the first serum 
progesterone cycle (9 days) represents exogenously derived progesterone. 
Later serum progesterone cycles represent normal oestrous cycles of 22 to 
23 days duration (the data are summarised in Figure 3.3; Section 3.1). 
None of the does exhibited unusually short or long oestrous cycles. 
Hormone profiles over the second oestrus: The individual 46 hour serum 
profiles of luteinizing hormone (LH), progesterone, oestradiol-17a and 
androstenedione of four does' with similar temporal relationships for 
serum hormone levels around oestrus, are presented in Figures 3.5 and 
3.6. All four does (W43, W67, W78 and W80) had a single pronounced surge 
of serum LH levels (-ten fold increase over basal levels) immediately 
after the onset of oestrus, relatively low serum progesterone levels 
(<0.5 ng/ml) throughout the peri-oestrous period, fluctuating serum 
oestradiol-17a levels (between 5 and 25 pg/ml) and a marked elevation of 
serum androstenedione levels (-two fold increase over basal levels) at 
the onset of oestrus. The mean serum hormone levels (±sem) of these four 
does, standardised around the onset of oestrus (Hour 0) are presented in 
Figure 3.7. 
Mean serum LH levels were basal (~ ng/ml) until about one hour 
before the onset of oestrus, at which time they began to increase 
progressively, culminating in peak levels (~O ng/ml) three hours after 
the onset of oestrus. Levels remained elevated for a further four hours 
and thereafter progressively declined back to original pre-oestrous basal 
levels (~2 ng/ml) between 13 and 14 hours after the onset of oestrus. 
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Individual profiles of serum progesterone levels (2-3 day 
blood sampling) of six fallow does run with a vasectomised 
buck during the 1984 breeding season, recorded from the day 
of CIDR insertion until cessation of ovulatory activity. 
The first progression cycle (9 days) represents exogenous 
progesterone derived from the CIDRs. Arrows- indicate day of 
oestrus. 
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Individual fallow doe profiles, from hourly blood sampling, 
of serum"luteinizing hormone (LH), progesterone, 
oestradiol-17e and androstenedione levels recorded over the 
46 hour period spanning oestrus of two does (W67 and W78). 
Arrows indicates the onset of oestrus. 
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Fi gure 3.6 Individual fallow doe profiles, from hourly blood sampling, 
of serum luteinizing hormone (LH), progesterone, 
oestradiol-17a and androstenedione levels recorded over the 
46 hour period spanning oestrus of two does (WaD and W43). 
Arrows indicate the onset of oestrus. 
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hours from the onset of oestrus 
Mean (±sem) serum luteinizing hormone, progesterone, 
oestradiol-17a and androstenedione levels recorded hourly 
around the onset of oestrus (Hour O) from four fallow does 
(N.B. Individual profiles for these does are presented in 
Figures 3.5 and 3.6). 
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Mean serum progesterone levels appeared to decline from initial 
levels of between 0.2 and 0.3 ng/ml to -D.1 ng/ml (below the sensitivity 
limit of the assay) four hours before the onset of oestrus. However, 
there was a progressive increase of mean levels up to ~.25 ng/ml one 
hour after the onset of oestrus, followed by a further decline to mean 
levels of -0.1 ng/ml over the next eight hours. 
Mean serum oestradiol-17S levels tended to increase from 11 to 
25 pg/ml up to, and two hours beyond, the onset of oestrus; thereafter 
they declined to ~15 pg/ml. However, at no stage during the intensive 
blood sampling period was there a significant difference between hourly 
mean serum oestradiol-17S levels (P>0.1), due to the wide variation in 
levels between individuals and between consecutive blood samples (Figures 
3.5 and 3.6). On ly one of the four does (W67, Fi gure 3.5) showed a 
progressive, but erratic, elevation in serum oestradiol-17B levels from 
the start of blood sampling until the onset of oestrus. 
Mean serum androstenedione levels exhibited a pronounced elevation 
from basal levels (110-130 pg/ml) to peak levels (~3U pg/ml) at the 
onset of oestrus. Peak mean levels ~ere maintained for six hours, 
thereafter they declined to the original pre-oestrous basal levels over 
the next six hours. As with oestradiol-17B, serum androstenedione levels 
in consecutive blood samples from individual does clearly showed marked 
fluctuations before and after the major elevation over the oestrous 
period. These fluctuations appeared to be pusatile in nature (Figures 
3.5 and 3.6). 
Possible aberrant hormone profiles around oestrus: Two does in the trial 
exhibited serum hormone profiles that were markedly different from those 
described above. 
Doe W44 (Figure 3.8) clearly had two surges of serum LH; the peak 
values of the first being of lower magnitude than those of the second 
(~12 ng/ml c.f. ~20 ng/ml), which occurred about 18 hours later. The 
-E 
..... 
Ol 
c 
-Q) 
c 
0 
E 
0 
J: 
Ol 
c 
·N 
·2 
.Qi 
-.2 
-E 
..... 
Ol 
c 
-Q) 
c 
0 
~ Q) 
-Ul Q) 
Ol 
0 
~ 
c. 
...... 
E 
..... 
OJ 
c. 
.... 
"0 
i5 
co 
!:: 
Ul Q) 
0 
-E 
..... 
OJ 
C. 
-Q) 
c 
0 
i5 
Q) 
c Q) 
-Ul 0 
~ 
'0 
C 
co 
121 
30 
25 
W44 W57 
20 
15 
10 
5 
0 
5.0 ~ 
~ 
1.0 ! 1.51 
0.5  0 
20 
15 
10 
5 
0 
250 
200 
150 
100 
50 
0 
0 8 
Fi gure 3.8 
i i i i i i i i 
16 24 32 40 0 8 16 24 32 40 
hours from the onset of sampling 
Individual follow doe profiles, from hourly blood sampling, 
of serum luteinizing hormone (LH), progesterone, 
oestradiol-17e and androstenedione levels recorded over the 
46 hour period spanning oestrus of two does (W44 and W57). 
Arrows indicate the onset of oestrus. 
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first serum LH surge was concomitant with a marked elevation in serum 
androstenedione levels and a small (up to 0.5 ng/ml) but pronounced rise 
in serum progesterone levels at the onset of oestrus. The second serum 
LH surge of doe W44 was not associated with elevation of either serum 
androstenedione or progesterone, and serum oestradiol-17~ levels appeared 
to be actually declining at this stage. However, there is an indication 
that serum androstenedione levels were increasing towards the end of the 
hourly blood sampling period, when LH levels were declining. 
The hormone profile of doe W57 (Figure 3.8) was notably different 
from that of any other doe in the study. There was a major surge in 
serum progesterone levels (>5.0ng/ml), concomitant with that of 
androstenedione, at the onset of oestrus. Both of these hormonal 
elevations were short-lived (3 to 4 hours) and were followed by a modest 
serum LH surge (up to -9 ng/ml). Towards the end of the hourly blood 
sampling period, serum levels of both androstenedione and progesterone 
appeared to increase as serum LH levels were decreasing. 
3.2.4 : Discussion 
All six fallow does in this study exhibited a spontaneous oestrus 
within the predetermined period of intensive hourly blood sampling. 
Several factors contributed to this success. First, the artificially 
induced oestrus was highly synchronised to within an eight hour period, 
approximately 48 hours following CIDR removal. Secondly, as has been 
observed previously in fallow does (Section 3.1; Group I), the length of 
the first oestrous cycle showed remarkable uniformity between does. This 
resulted in the second oestrus being exhibited within a 19 hour period. 
Thus, by collecting frequent (hourly) blood samples over a short period 
(46 hours) of the oestrous cycle, at a time predicted to span oestrus, it 
was possible to monitor temporal changes in the serum levels of 
reproductive hormones during a spontaneous oestrus in all six does. 
_ ..... 
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The fact that all six does exhibited oestrus during the intensive 
blood sampling period and subsequently ovulated, as indicated by the 
occurrence of third oestrus 21 to 22 days later (Figure 3.4), suggests 
that the stress from continual yarding, physical restraint and serial 
jugular venepuncture did not cause any major disruptions in the 
reproductive functioning of the does. However, as the sampling procedure 
was imposed artificially upon the does' normal behavioural patterns and 
involved continual disturbance with frequent contact by humans, possible 
neuro-endocrine effects arising from these sources of stress cannot be 
disregarded with respect to the hormone profiles obtained. 
Four of the ~oes shared hormone profiles that were essentially 
similar and these presumably represent normal endocrine relationships 
during oestrus in fallow does. However, in the absence of remote blood 
sampling methodology which could reduce stress to animals during such 
st"udies, the acceptance that the hormone profiles recorded here represent 
"normal" changes needs to be treated with some degree of caution. 
Furthermore, the fact that two of the does in this study exhibited serum 
hormone profiles that stood out as being markedly different from the 
other four does, perhaps implicates stress as having some influence in 
producing hormonal secretion ar'tifacts. This dilemma cannot be fully 
resolved with the present data and will be discussed later in this 
section. However, the four does that exhibited similar serum hormone 
profiles will be the focus of the initial discussion that follows. 
There is little doubt that the surge of serum LH levels immediately 
following the onset of oestrus in fallow does represented the 
"preovulatory" LH surge, as has been recorded during the peri-oestrous 
period of sheep (Geschwind & Dewey, 1968; Niswender ~~., 1968; 
Scaramuzzi, Caldwell & Moore, 1970), cattle (Kiddy & Odell, 1969; 
Henricks, Dickey & Niswender, 1970; Snook, Satman & Hansel, 1971; Sprague 
et~., 1971) and goats (BonDurant et.!l.., 1981; Bono et.!l.., 1983; Mari 
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& Kano, 1984). Similarly, endocrinological data from daily blood 
sampling during the oestrous cycle of roe deer (Schams, Barth & Karg, 
1980), white-tailed deer (Plotka et !l., 1980) and red deer (Kelly, 
McNatty & Moore, 1985) occasionally showed LH peaks (>10 ng/ml) on, or 
near, the day of oestrus. Failure to observe these LH peaks in some 
individuals (Schams, Barth & Karg, 1980; McKeown & Sadlier, 1978; Kelly, 
McNatty & Moore, 1985) probably reflects the wide interval between 
samples as, on the basis of the duration of the preovulatory LH surge 
observed in this study on fallow deer and reported in the literature for 
other domestic ruminants, the preovulatory LH surge in many deer species 
is likely to be of less than 24 hours duration. 
In sheep (Martin, 1984), cattle (Christensen, Hopwood & Wiltbank, 
1974; Dielman ~!l., 1983) and goats (Mori & Kano, 1984), the onset of 
the preovulatory LH surge begins a few hours before the first signs of 
oestrus and is characterised by a rapid increase in serum LH 
concentration from basal levels «5 ng/ml) until a peak (10 to 100 fold 
increase over basal levels) is attained after four to eight hours, a 
decline back to basal levels within the next 10 hours. In these 
respects, the preovulatory LH surge in fallow deer is not unlike that of 
other ruminants. 
The pulsati"le nature of basal LH secretion during the preovulatory 
period, as demonstrated for sheep (Baird, Swanston & Scaramuzzi, 1976; 
Baird, 1978; Martin, 1984), could not be demonstrated in the present 
study on fallow deer. Although basal serum LH levels from individual doe 
profiles showed occasional short-term fluctuations between 1.0 and 
2.5 ng/ml, the hourly blood sampling regimen used here was not adequate 
for precise delineation of LH pulses in fallow deer. 
Declining serum progesterone levels during the last week of the 
first oestrous cycle, which are indicative of spontaneous luteolysis, 
were recorded from all four does (Figure 3.4). By the start of the 
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hourly blood sampling regimen on Day 20 of the oestrous cycle, mean serum 
progesterone levels were low (0.2-0.3 ng/ml) indicating that destruction 
of the corpus luteum was nearing completion. However, progesterone 
secretion appeared to continue to decline until about four hours before 
the onset of oestrus, by which time mean serum levels were below the 
limit of assay sensitivity (0.15 ng/ml). Mean serum ~rogesterone levels 
rose to a peak of 0.3 ng/ml one hour after the onset of oestrus, then 
declined again. While this increase in progesterone secretion during the 
earlier stages of oestrus does not constitute a major surge, it does 
raise questions about its source and its physiological significance. 
Wheeler ~~. (1975) reported an increase in plasma progesterone 
concentrations in the ovarian vein of sheep during the preovulatory LH 
-surge and a simi lar rise is apparent from the data presented by Bai rd, 
Swanston & McNeilly (1981). Likewise, an increase in vena caval 
progesterone levels, concomitant with the LH surge, has been reported for 
cattle (Walters & Schallenberger, 1984). Wheeler et~. (1975) argued 
that there are five possible sources of the progesterone detected at this 
stage of the oestrous cycle. These are the ovarian stroma, the membrana 
granulosa or the theca interna of Graafian follicles, the regressed 
corpus luteum, or any atretic follicles which may be present. 
Furthermore, the increase in progesterone secretion was assumed to be a 
direct consequence of the elevated LH levels during the preovulatory 
surge (Wheeler ~~., 1975; Walters & Schallenberger, 1984). In the 
present study on fallow deer, the increase in progesterone secretion did 
not co; nci de with the preovul atory LH surge, although the peak mean serum 
progesterone levels occurred when serum LH levels were rising rapidly. 
As the preovulatory rise ;n serum progesterone levels appeared to be 
related to the onset of oestrus rather than the preovulatory LH surge, it 
is possible that the event in fallow deer is not analogous to that 
described for sheep and cattle, and may in fact be of andrenal origin in 
response to oestrous behaviour. 
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Serum oestradiol-17e levels of the individual fallow does showed 
marked fluctuations throughout the period of hourly blood sampling, so a 
specific elevation of serum oestradiol-17e levels coincident with the 
start of the preovulatory surge and the onset of oestrus was not always 
apparent. However, mean serum oestradiol-17a levels did tend to increase 
up to, and slightly beyond, the start of these events~ although the 
elevation was not as pronounced as that demonstrated for sheep 
(Yuthasastrakosol ~~., 1975; Pant et ~., 1977; Karsch ~~., 1978), 
cattle (Henricks, Dickey & Hill, 1971: Wettemann et ~., 1972; 
Christensen, Hopwood & Wiltbank, 1974; Smith et ~., 1974), goats (Bono 
~~, 1983; Mori & Kano, 1984) and swamp buffalos (Kanai & Shimizu, 
1984) • 
In white-tailed deer, although plasma oestradiol-17 a levels 
increased three to four days before oestrus, mean levels were not 
significantly different at any stage during the oestrous cycle (Plotka et 
~., 1980). These investigators relied upon changes in the plasma 
oestradiol-17a:progesterone ratio over the preovulatory period to explain 
the temporal relationship of these two hormones during oestrus. However, 
the profile obtained for this ratio was more a reflection of declining 
plasma progesterone levels than of any changes in plasma oestradiol-17a 
levels. In contrast to white-tailed deer, red deer exhibited very high 
levels (up to -200 pg/ml) of plasma oestradiol-17aduring the oestrous 
cycle (Kelly, McNatty & Moore 1985). However, there were no obvious 
peaks confined to within one day of oestrus. 
Thus it seems that for at least three species of deer, namely 
fallow, white-tailed and red deer, the role of oestradiol-I7 a in 
stimulating the preovulatory surge of LH and the expression of oestrous 
behaviour is open to question. In future studies, it may be informative 
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to investigate the possible role of other oestrogens on the control of LH 
secretion and oestrous behaviour. 
One of the most pronounced and interesting features of the hormonal 
profiles of the fallow does in this study is the marked elevation of 
serum androstenedione levels which occurred at the onset of oestrus. 
This was characterised by a two-fold increase over basal levels which was 
sustained for 8 to 12 hours. The apparently close relationship between 
the initiation of the preovulatory LH surge and the sudden elevation of 
serum androstenedione levels strongly suggests a cause and effect 
association, where LH is stimulating the release of androstenedione. 
Furthermore, it is tempting to link the elevation of serum 
androstenedione levels to the occurrence of overt oestrous behaviour. 
This is supported by the fact that serum androstenedione levels remained 
elevated for up to 12 hours after the onset of oestrus and, thus, also 
may be implicated in the maintenance of oestrous behaviour for that 
period. Although oestrous behaviour is normally terminated at 
copulation, within an hour of the onset of oestrus (Section 4.2), the 
observed duration of oestrus of a doe that was not promptly mated by the 
buck was at least eight hours (Section 4.2). 
It has been demonstrated that while oestrogens regulate 
attractiveness of the oestrous female rhesus monkey to the male, 
proceptivity appears to be dependent on adrenal androgens such as 
testosterone and androstenedione (Trimble & Herbert, 1968; Everitt & 
Herbert, 1971; Martensz & Everitt, 1982). However, this has not been 
shown convincingly for any other mammalian species. The role of 
androgens in eliciting oestrous behaviour, and in controlling ovulation, 
in domestic ungulates remains a subject of controversy, and the small 
number of studies which have been carried out report confusing and often 
contradictory results. 
-, --.,','."-" . ~,'-. 
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Administration of testosterone propionate to ewes elicits oestrous 
behaviour but not the changes in vaginal morphology normally associated 
with oestrogen-induced oestrus (Lindsay & Robinson, 1961). Testosterone 
propionate will also induce ovulation in anoestrous ewes (Radford & 
Wallace, 1971) and stimulate the release of LH in lactating (Restall, 
Radford & Wallace, 1972) and anoestrous ewes (Pant, 1977). Accordingly, 
active immunisation of ewes against testosterone resulted in anovulation 
and disruption of oestrous cycles, with ovaries showing morphological and 
endocrinological evidence of over-stimulation (Scaramuzzi et ~., 1981). 
However, in contrast, androstenedione implants, either alone or in 
combination with progesterone and oestradiol-17e, had no additional 
effect on the frequency of LH pulses in ewes (Martin, Scaramuzzi & 
Henstridge, 1983) even though active immunisation of ewe~ against 
androstenedione increased the frequency of LH pulses (Scaramuzzi & 
Martensz, 1975) and increased ovulation rate (Scaramuzzi, Davidson & 
van Look, 1977). These studies, when considered by themselves, tend to 
implicate a role for testosterone in oestrous behaviour and ovulation in 
sheep. However, there are further considerations. 
Both testosterone and androstenedione are known to be secreted by 
the ovaries of ewes (Baird et ~., 1968; McCracken, Baird & Goding, 1971; 
Martensz ~~., 1976), cows (Short, 1962) and mares (Short, 1960, 1961; 
YoungLai, 1971). In ewes, androgens, particularly androstenedione, are 
synthesised by and secreted from thecal cells (Moor, 1977). LH receptors 
are present on thecal cells, explaining why androgen secretion appears to 
be responsive to episodic pulses of LH (Baird ~~., 1976). A current 
hypothesis is that androgens secreted by thecal cells are themselves 
aromatised to oestradiol-l7e within the nearby granulosa cells. This 
produces an oestrogenic follicular environment and an elevation of 
oestradiol-17e levels in peripheral blood which is necessary for 
behavioural oestrus and for triggering the preovulatory LH surge (McNatty 
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1981, 1983). 
If androgens of thecal origin have a direct effect on oestrus and 
ovulation then it is logical that there should be an elevation of 
peripheral blood androgen levels during the preovulatory period. 
However, studies on androgen levels in peripheral blood during the 
oestrous cycle of sheep and cattle have provided contradictory data. 
Murdock & Dunn (1982) were unable to detect significant levels of 
androgens during the preovulatory period of ewes, yet Stankov & Kanchev 
(1984) observed pronounced but erratic fluctuations of peripheral plasma 
levels of both testosterone and androstenedione during the same period. 
Similarly, Peterson, Fairclough & Smith (1978) could not detect these 
_androgens in peripheral blood from the time of luteolysis until the end 
of oestrus in cows, whereas earlier studies had demonstrated considerable 
fluctuations in peripheral blood levels of testosterone (Shemesh & 
Hansel, 1974; Kanchev et ~., 1976) and androstenedione (Kanchev & 
Dobson, 1976) during the bovine preovulatory period. Nevertheless, it 
was generally agreed by these investigators that androgens could not be 
responsible for oestrous behaviour in sheep and cattle, as increases in 
peripheral blood levels either lacked synchrony with oestrus or did not 
occur at all. 
In mares, abrupt elevations of peripheral plasma levels of 
androstenedione (Noden, Oxender & Hafs, 1975; Munro, Renton & Butcher, 
1979) and testosterone (Silberzahn et ~., 1978; Munro, Renton & Butcher, 
1979) were observed during the preovulatory period, although not 
necessarily for the entire duration of oestrus (~ days; Noden, Oxender & 
Hafs, 1975). However, Munro, Renton & Butcher (1979), from a study on 
behavioural and endocrine changes in mares during oestrus, concluded that 
fluctuations in peripheral plasma levels of oestradiol, and~ostenedione 
and testosterone could not themselves account for changes in oestrous 
receptivity of these animals. 
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None of the above studies provides conclusive evidence for or 
against a putative role of androgens in oestrous behaviour and control of 
ovulation in domestic ungulates. Peripheral blood androgen levels have 
not been measured previously in the female of any deer species and it is 
therefore not possible to comment on the role of ovarian androgens in 
cervids in general. However, the distinct elevation of serum 
androstenedione levels at and following the onset of oestrus in fallow 
does suggests an important role for this steroid in the instigation and 
maintenance of oestrous behaviour. Furthermore, fluctuating levels of 
serum androstenedione before the onset of oestrus may reflect a pulsatile 
mode of secretion influenced by basal LH secretion. However, it must be 
admitted that LH pulses were not particularly apparent from the profiles 
-recorded here. 
The present study did not investigate the temporal relationships 
around oestrus of other potentially active oestrogens (oestradiol-17a 
oestrone, oestriol) or androgens (testosterone, dihydrotestosterone), any 
of which may possibly overshadow those that were measured. An important 
aspect of future studies should be to investigate relative serum levels 
of these other hormones around oestrus. 
Two of the fallow does in the present study (W44 and W59) exhibited 
I 
I 
I 
I 
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hormone profiles that were clearly different from those of other does. A ~;~'''., 
common feature of the profiles of these two does was the elevation of 
serum progesterone levels at the onset of oestrus, which was particularly 
pronounced for doe W57. These elevations were possibly analogous to the 
minor elevation of mean serum progesterone levels that were observed 
",.'c".' 
around the onset of oestrus of the other four does (Figure 3.7). These - -"_. ~; 
increases in serum progesterone levels probably account for anomalies 
observed in serum levels of other hormones. For instance, it seems 
likely that the increased serum progesterone levels in does W44 
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and W57 resulted in a degree of suppression of LH secretion, as 
preovulatory LH surges were of lower magnitude and of shorter duration 
than those observed for the other does. Furthermore, concomitant with 
the early decline of the LH surge, there appeared to be a premature 
decline in serum androstenedione levels which had peaked previously at 
the onset of oestrus, again suggesting a positive feedback action of LH 
secretion on androstenedione secretion. However, these two does 
definitely ovulated following oestrus, as indicated by their return to 
oestrus approximately 21 to 22 days later. In doe W44 this ovulation was 
probably in response to a second preovulatory LH surge that was observed 
to occur in the apparent absence of a concomitant elevation of serum 
progesterone levels. It is likely, therefore, that a second preovulatory 
LH surge also occurred in doe W57 some time after the cessation of hourly 
blood sampling. 
The source of the elevated serum progesterone levels at the onset of 
oestrus of these two does is unknown. Kelly, McNatty & Moore (1985) 
argued that the erratic fluctuations of plasma progesterone levels 
observed on the day of oestrus in red deer (0.3 to 6.0 ng/ml) may be due 
to the presence of a funct i ona 1 (" accessory") corpus 1 uteum whi ch had 
failed to regress completely. Accessory corpora lutea are common in red 
deer (Douglas, 1966; Kelly & Challies, 1978) but some controversy exists 
as to whether they are a product of ovulations before the first or 
subsequent oestrus, or ovulations following conception (Kelly & Challies, 
1978). However, accessory corpora lutea do not occur in fallow deer 
(Armstrong et ~. 1969; Chapman & Chapman, 1969, 1975; Baker, 1973) and 
therefore could not be a source of serum progesterone at the onset of 
oestrus in this species. The fact that daily blood sampling during the 
oestrous cycle of fallow does in 1983 (which included doe W44 and W57) 
did not reveal high or erratic serum progesterone levels at or near the 
i 
i 
I 
I j 
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day of oestrus (Section 3.1; Appendix 2) also tends to rule out the 
occurrence of accessory corpora lutea in this species. 
The short-term elevation in serum progesterone levels at the onset 
of oestrus in fallow does possibly can be explained by adrenal secretion 
of the hormone in response to the stimulus of oestrous behaviour. 
However, it is clear that the stress induced by constant yarding, 
handling and blood sampling did not contribute to serum progesterone 
elevation as this event was confined to the onset of oestrus, whereas 
handling stress was not. In spite of this, the erratic fluctuations of 
plasma progesterone and oestradiol-17S levels observed in cycling red 
deer hinds (Kelly, McNatty & Moore, 1985) could have been due to adrenal 
secretion occurring as a direct consequence of handling stress. 
There is generally a poor understanding of hormonal secretion 
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patterns during the preovulatory period of deer. This is due mainly to r 
the paucity of data and the limited nature of studies reported to date. 
There appear to be major differences between species which may not only 
reflect differences in ovarian secretion of steroids but also in 
stress-related adrenal secretion of steroids. However, until more data 
become available from further studies on fallow deer and other deer 
species, it will be difficult to offer more than the rather speculative 
statements made here on the role of sex steroids on oestrous behaviour 
and ovulation in fallow does. 
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3.3 : Conception and gestation 
3.3.1 : Introduction 
While it is generally accepted that most fallow does conceive during 
the rut (Armstrong et !l., 1969; Chapman & Chapman, 1975: Mulley, 1984), 
the main supporting evidence is the observed synchrony of fawning dates 
within the fawning season (Chapman & Chapman, 1975; Asher et !l., 1981; 
Asher, 1984, 19S5b; Asher & Adam, 1985). However, frequent references to 
occasional late born fawns have indicated that conceptions do occur 
outside the main rutting period (Armstrong ~~l., 1969; Chapman & 
Chapman, 1975). As matings of fallow does have seldom been observed, 
there are no accounts of actual conception rates at various oestrus 
periods. 
The gestation length of fallow deer has been variously assessed from 
a limited number of matched observations of mating and parturition 
(Prell, 1938; Baker, 1973) or estimated as the approximate interval 
between peak rutting and fawning activity (Hamilton, Harrison & Young, 
1960; Asdell, 1964; UeCkermann & Hansen, 1968; Chapman, 1970). To date, 
the most reliable estimate is that of 229 days based on observations of 
11 deer in Hamburg Zoo (Prell, 1938). 
There have been no previous studies on hormone levels in fallow 
deer. This, of course. includes the levels of circulating progesterone 
in gestating and cycling does. 
The study described in this section provides some basic parameters 
of fallow deer reproduction in relation to conception and gestation. 
3.3.2 : Materials and .ethods 
Management during mating and fawning: In 1983, 60 fallow does of various 
ages (Table 3.5) were allocated to three sire groups of 20 does with 
single fertile bucks fitted with crayon mating harnesses, from 25 March 
until 30 June (i.e. at least three oestrous cycles). None of the does 
had been treated previously with hormones to induce oestrus. 
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Table 3.5 Age distribution (March) of fallow does run with fertile 
bucks in 1983 
Age (months) 
Sire group 15 27 39+ Total 
1 16 4 o 20 
2 15 5 o 20 
3 15 5 o 20 
Total 46 14 o 60 
In 1984, 70 fallow does (Table 3.6) were run in five sire groups of 
14 does with single ferti Ie bUCks, fitted with crayon mating harnesses, 
from at least 5 April until 30 May (two oestrous cycles). Does in three 
of these groups had been treated previously with exogenous hormones and, 
as a result, four does were excluded from this study (Table 3.6). A 
further doe died early in the year and also was excluded. The remainder 
(n=65) are known to have not conceived to induced oestrus. 
Upon buck removal in both years, does were grazed as a single group 
until mid-November (pre-fawning), at which point they were drafted into 
fawning groups of approximately 20 individuals. Each fawning group 
contained an equal representation of does from each previous sire group. 
Throughout the fawning season the groups were closely monitored 
daily and newly born fawns were tagged, sexed and weighed. They were 
later identified with respect to their dams (see Sections 1.3.2 and 
1.3.3). 
Table 3.6 Age distribution (March) of fallow does run with fertile 
bucks in 1984 
Age (months) 
Si re group 15 27 39 51+ Total 
11 0 7 7 0 14 
22 0 8 2 4 14 
33 0 8 2 4 14 
4 1 5 3 5 14 
5 1 5 3 5 14 
Total 2 33 17 18 70 
11 All does treated previously with GnRH, one doe rejected 
for purposes of this section. 
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22 Al I does treated previously with PMSG, two does rejected 
for purposes of this section. 
33 Seven does treated previously with PMSG, one doe rejected 
for the purposes of this section. Another doe died. 
Oestrous detection : Observations of does were conducted at least twice 
daily while the bucks were present and any mating-related behaviour and 
crayon marks were recorded (Section 1.3.3). 
Assessment of conception rate at first and subsequent oestrus: An 
estimate of the number of does conceiving at their first oestrus was 
calculated as (1) the number observed mated at first oestrus, (2) minus 
the number observed mated at second or third oestrus (i .e. returns to 
service), (3) minus the number that failed to fawn within an oestrous 
cycle length (21 days) of the modal gestation length (presumed to be 
undetected returns to service) and (4) minus the number of non-pregnant 
does. 
Similarly, the number of does conceiving at their second or third 
oestrus was assessed as the number observed mated at such oestrus 
periods, plus the number of does with apparent gestation lengths one 
{-21 days} or two (-43 days) oestrous cycle lengths beyond the modal 
gestation length. 
Assessment of gestation length: The gestation length for each doe was 
calculated as the interval (days) between the last recorded mating and 
the fawning date inclusive. 
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Progesterone and liveweight profiles o~ pregnant and non-pregnant does: 
At approximately monthly intervals from early April (pre-oestrus) until 
late November (pre-fawning) 1983, 60 does run with fertile bucks {as in 
Table 3.5} were weighed and blood sampled. A separate group of 14 does 
running with a vasectomised buck (Group I, Section 3.1) was blood sampled 
at more frequent intervals (daily from 5 April until 26 June, thereafter, 
at approximately three weekly intervals) and weighed every three weeks. 
These does were treated as the non-pregnant group. 
Statistical analyses: Differences in conception rates between years were 
tested using the x2 test and differences in mean liveweights between 
pregnant and non-pregnant does were tested using Student's t-test. 
Unbalanced analysis of variance {Genstat} was performed to establish the 
possible effects of various parameters on gestation length. 
3.3.3 : Results 
Conce~ion rate at first and subsequent oestrus: The numbers of observed 
matings at first oestrus, returns to second/third oestrus, does with long 
apparent gestation lengths (> 21 days from mode), and non-pregnant does, 
are presented in Table 3.7. From these data were derived minimum 
estimates of conception rates at first, second and third oestrus (Table 
3.8). The estimates were based only on the overal I number of does 
observed mated at first oestrus, as mating observations were not obtained 
for 18 does in 1983 and 9 does in 1984. However, most of these does had 
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clearly conceived at first oestrus during the "rut" as most produced 
fawns in December. 
Table 3.7 : Number of fallow doe matings observed at three consecutive 
oestrus periods, the number observed returning to service and 
the number not pregnant. 
No. of 
No. No. of No. of No. of Long non-pregnant 
of 1st oestrus 2nd oestrus 3rd oestrus apparent does that 
does matings matings matings gestation were mated 
+21d +43d at first 
oestrus 
1983 60 42 5 1 2 1 1 
1984 65 56 2 (bucks 3 3 
removed 
early) 
Total 125 98 7 1 5 1 4 
Table 3.8 Summary of estimated conception rates of fallow does at 
consecutive oestrous periods. 
No. of Minimum Minimum Minimum Non-pregnant 
1st oestrus conception conception conception does {mated 
matings at by by at first 
1st oestrus 2nd oestrus 3rd oestrus oestrus} 
1983 42 33 (78.6~) 39 (92.9~) 41 (97.7~) 1 (2.3~) 
1984 56 48 (85.7%) 53 (94.6;t,) 3 (5.4%) 
Total 98 81 (82.7%) 94 (96.0%) 4 (4.0~) 
Returns to service (i.e. matings at second oestrus; n=7) all 
occurred at 21 days from first oestrus. The single observed mating at 
third oestrus occurred at 22 days from second oestrus. 
The difference in conception rate at first oestrus between 1983 and 
1984 was not significant (P>O.I, x2 test). 
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Gestation len~: A total of 94 gestation length observations from 
1983-84 are graphically presented in Figure 3.9. Gestation length data 
from does that conceived to artificially induced oestruses were not 
included. Six observations were beyond an oestrous cycle length (21 to 
22 days) of the modal gestation length (234 days) and are presumed to 
represent undetected matings at later undetected oestrus periods during 
the breeding season. The overall mean (±Sd) gestation length of the 
remaining 88 observations was 234.2±2.7 days. From unbalanced analysis 
of variance there was no evidence of any fawn sex, doe age or sire 
effects on gestation length, nor of doe age by fawn birth weight or doe 
age by sire interactions (P>O.l). 
Liveweight profiles of pregnant and non-pregnant does: Of the 60 does 
run with fertile bucks in 1983, five failed to fawn. The mean liveweight 
profile of the remaining 55 does is shown in Figure 3.10 along with the 
mean liveweight profile of the 14 non-pregnant does run with a 
vasectomised buck in the same year (Group 1, Section 3.1). The mean 
liveweights of the two groups were not significantly different from March 
to August inclusive (P>O.l; StUdent's t-test). Thereafter, from the 
September weighing until late November (pre-fawning) the pregnant does 
were significantly heavier than the non-pregnant does (P<O.Ol). 
Serum progesterone profiles of pregnant and non-pregnant does: Eight month 
profi les of mean serum progesterone levels of the 55 pregnant and 14 
non-pregnant does (Figure 3.11) show that pre-rut levels were generally 
low «1.5 ng/ml) for both groups. However, following first oestrus (mid 
April-early May) serum progesterone levels increased. While the pregnant 
does maintained high levels (5-7 ng/ml) up to the cessation of sampling 
(immediately pre-fawning), the non-pregnant does exhibited cyclical 
fluctuations of progesterone secretion, corresponding to synchronous 
oestrous cycles (Section 3.1). These fluctuations continued until 
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September, thereafter, serum progesterone levels were basal «1.0 ng!ml) 
at the cessation of cyclic activity. 
Although the blood sampling frequency of the pregnant does was 
considerably less than for the non-pregnant does, there was no indication 
of marked fluctuations in serum proge~terone levels between May and 
November. 
Figure 3.12 presents the individual serum progesterone profiles of 
the five does that failed to fawn after running with fertile bucks in 
1983. One doe (W59) showed a marked decline in progesterone secretion as 
early as July. The remaining four does showed high serum progesterone 
levels through to at least September. No evidence of late-term abortions 
was found during the 1983 gestating season, although they could have been 
easily overlooked. 
3.3.4 Discussion 
The high conception rate at first oestrus of Ruakura fallow does 
(78-85%) is in agreement with general opinion that does normally conceive 
over a short period during the rut (e.g. Chapman & Chapman, 1975). There 
are no equivalent data from other cervid species for comparison. 
In both years, a small proportion of does returned to oestrus 
following first oestrus matings. All exhibited a normal 21-day first 
oestrous cycle (Section 3.1), suggesting fertilisation or conception 
failure rather than embryonic loss, which would tend to prolong the 
oestrous cycle in some cases. 
The pattern of conceptions observed (Table 3.8), given that 
opportunities for mating were purposefully limited to a maximum of three 
oestrus periods in 1983 and two oestrus periods in 1984, was consistent 
with the pattern of birth dates recorded on four local fallow deer farms 
(Asher. 1984; 1985b, presented in Figure 3.13). High conception rates at 
first oestrus resulted in a major peak of synchronised fawnings within 
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Individual profiles of serum progesterone levels for five 
fallow does that failed to fawn after running with fertile 
bucks in 1983. 
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the month of December. The spread of such births was greater than the 
apparent spread of first oestrus on Ruakura, but is possibly due to the 
variation in gestation length. There;s an indication of a second peak 
of birth dates in January approximately one oestrous cycle length (21 to 
22 days) from the modal birth date in December. This bimodal 
distribution suggests that the positive skew in the frequency of birth 
dates is attributable to returns to service at various synchronised 
oestrus periods rather than general lack of synchrony of first oestrus. 
Similar birth date data for red deer on local farms (Asher & Adam, 
1985; G.W. Asher, unpublished) show no indication of a bimodal 
distribution pattern, although, like the fallow deer pattern, they were 
positively skewed. In fact, calving of red deer was considerably less 
synchronous than fawning of fallow deer. It is probable that, while 
returns to service account for the positive skew in the birth date 
distributions of both species, first oestrus was not as highly 
synchronised in red deer. Nevertheless, uncontrolled mating on some 
fallow deer farms has clearly resulted in births as late as March (Asher 
& Adam, 1985). However, the restricted mating practised in this study 
prevented such late births. 
A number of does observed being mated at first oestrus subsequently 
fa; led to fawn. It was not possible to determine from the data if these 
does failed to conceive at early oestrus periods or aborted later in the 
gestating period, but more non-fawning does occurred in 1984 after 
earlier buck removal than did in 1983. It is likely, therefore, that the 
non-fawning does would have continued returning to oestrus after buck 
removal. 
The observed mean gestation length of 234.2 days is in reasonable 
accordance with estimates given by several other workers. The most 
reliable previous estimate of 229 days (Prell 1938) is generally lower 
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Histogram showing the distribution of fallow deer birth 
dates recorded on four Waikato/Bay of Plenty farms during 
the four fawning seasons from 1980/81 - 1983/84 (after: 
Asher, 1984; Asher, 1985b). 
146 
than other estimates and lies well outside the 95~ confidence intervals of 
the mean from this study (i.e. 233.64 and 234.76). 
From this study, the gestating period was shown to be characterised 
by two phenomena. First, rapid liveweight gain of does during the second 
half of pregnancy; this undoubtedly mostly representing rapid development 
of conceptus mass, and secondly, high levels of progesterone secretion 
sustained from conception until at least three weeks before parturition. 
The latter phenomenon implicates progesterone as an important hormone of 
pregnancy in fallow deer. 
Kelly et a1. (1982) noted a significant decline in progesterone 
secretion of non-pregnant red deer hinds 50 days after mating (May), 
thereafter, plasma progesterone levels remained low. Although the mean 
serum progesterone concentration of the non-pregnant group of fallow does 
in this study was markedly cyclic in nature (Figure 3.11) and presumably 
corresponded with synchronous oestrous cycles, a constant low level of 
progesterone secretion did not occur until about 120 days after the first 
mating in late April to early May, at which point the does were 
apparently seasonally anoestrous (Section 3.1). This suggests that the 
red deer hinds studied by Kelly et !l. (1982) may have become acyclic 
considerably earlier than expected from other studies on the potential 
breeding season of red deer hinds when run with vasectomised stags 
(Guinness, Lincoln & Short, 1971). Of the five fallow does that failed 
to fawn after previously running with fertile bucks in 1983 (Figure 3.12) 
only one (W59) showed an early (July) decline in progesterone secretion. 
In the remaining four does serum progesterone levels were maintained high 
at least until September. It is possible that the previous treatment of 
the red hinds with exogenous hormones (medroxyprogesterone acetate and 
pregnant mare serum gonadotrophin) to induce synchronised oestrus and 
ovulation (Kelly et !l.t 1982) was instrumental in causing early 
cessation of cyclic activity. 
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Kelly et~. (1982) and Adam, Moir & Atkinson (1985) found that 
plasma progesterone levels in pregnant red deer hinds declined during the 
immediate pre-partum period and Kelly ~!l. (1982) further showed that 
this was concomitant with rising plasma oestradiol levels. In the 
present study on fallow does, blood sampling ceased at least three weeks 
before the onset of the fawning season, so it is not possible to comment 
on progesterone secretion immediately prior to fawning. 
In summary, this study has shown that fallow deer have a gestation 
length of 234 days and that their restricted fawning date pattern is 
achieved by a high conception rate (over 80~) at the first (and naturally 
synchronised) oestrus. Progesterone secretion is a dominant feature of 
the gestating period of fallow deer, as in other species, but this study 
has not attempted to determine the relative contributions of luteal and 
placental tissue to this secretion or to examine progesterone secretion 
at the termination of the gestatiny period. 
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3.4 : The annual reproductive cycle of adult fallow bucks 
~
3.4.1 : Introduction 
Previous studies on the reproductive seasonality of entire adult 
fallow bucks have investigated seasonal changes in testicular size and 
morphology (Chaplin & White, 1970, 1972; Chapman & Chapman, 1970, 1975; 
Baker, 1973), accessory glands (Chapman & Chapman, 1979), antlers 
(Chapman & Chapman, 1975) and the prepuce (Kennaugh, Chapman & Chapman, 
1977). They have generally utilized tissue samples from killed bucks, 
and while these studies have provided a general description of seasonal 
reproductive changes in fallow bucks, they did not provide quite the same 
amount of information about the preCise timing of reproductive events 
that can be gained from sequential studies on individual animals. 
In this study, a group of mature entire and prepubertally castrated 
bucks were continuously monitored over a 13 month period to investigate 
l;veweight, testicular, androgen and spermatozoal changes. In addition. 
the seasonal change in neck girth, which is regarded as a seconda~ 
sexual characteristic of mature male deer (Lincoln, 1971a; Field, Young, 
Asher & Foote, 1985), was measured. Antler data were not available as 
the bucks were polled to reduce problems which might have been caused by 
aggressive behaviour during repeated handling. 
3.4.2 : Materials and methods 
Livestock and management: Seven polled, entire (including two 
vasectom;sed) and 11 prepubertally castrated bucks, 22 months old at the 
start (October 1983) of the trial period (13 months) were grazed together 
except for a 54 day period (refer to Section 5.4). 
Blood sampling, weighing and neck girth measurements: Blood samples 
(Section 1.3.3) were collected at approximately fortnightly intervals 
from October 1983 until June 1984 (the period spanning the rut) and 
thereafter at monthly intervals. The bucks were weighed (Section 
1.3.3} and their neck girths, immediately cranial to the larynx, were 
recorded using a plastic measuring tape. 
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Testicular measurements and semen collection: At approximately 
two-monthly intervals, the five fertile {i.e. not vasectomised} bucks 
within the entire buck group were heavily sedated with an i.m. injection 
of xylazine/ketamine mixture (Section 1.3.3). lateral testicular 
diameter was measured using electronic calipers (Tru-Test NZ ltd). They 
were then electro-ejaculated uSing a rectal probe (2.5 cm in diameter and 
25 cm in length, with two lateral electrodes) powered by a 12 V dry-cell 
battery. The probe was liberally coated with lubricating gel and 
inserted approximately 15 cm into the rectum. A single ejaculate was 
collected into a pre-warmed glass semen vial (25 ml capacity; 
manufactured at RARS) after two or three electric stimulations (~ 
seconds duration each) about 5 seconds apart. The vial containing an 
ejaculate was immediately transferred to a water bath at 37°C. 
Semen appraisal : Ejaculate volume was measured to the nearest 0.05 ml 
after being drawn into a pre-warmed pipette attached to a graduated 
syringe. 
Spermatozoal concentration was measured from diluted raw semen 
(0.10 ml semen with 20 ml 2% saline solution~ 1 in 201 dilution) at 
580 nm wavelength in a spectrophotometer (Spectronic 20. Bausch & lomb) 
that was frequently calibrated against known concentrations of bull and 
ram semen (New Zealand Dairy Board, Newstead. Hamilton). Multiplication 
of the concentration by the ejaculate volume gave the total number of 
spermatozoa per ejaculate. 
The percentage of motile spermatozoa was estimated by observation of 
thin films of either diluted (ejaculates with high spermatozoal 
concentrations) or undiluted (low concentrations) semen prepared between 
a microscope slide and coverslip, and viewed under a phase contrast 
microscope (Nikkon; 400x). The presence of morphologically abnormal 
spermatozoa (i.e. head and tail separation) and cellular debris was 
noted. 
Testosterone analyses : A total of 38U serum samples were analysed for 
levels of testosterone in six successive assays (Sectl0n 1.3.4). 
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Statistical analyses: The data are presented as seasonal profiles of 
group means from non-transformed data, with variance indicated by 
standard errors of the means. Univariate analysis of variance (Genstat) 
was performed to identify significant seasonal changes in the monitored 
parameters. A regression analysis also was performed with liveweight as 
an explanatory variable for neck girth. As there was no evidence of 
difference in the regression slopes, on any sampling date, for entire and 
castrated bucks (P>O.l) a covariated adjustment of neck girth to a mean 
overall current liveweight was calculated from a common slope. Serum 
testosterone levels were routinely subjected to logarithmic 
transformation prior to analysis. Differences in mean liveweights 
between entire and castrated bucks were tested with Students l t-test. 
3.4.3 : Results 
Seasonal profiles of mean liveweight, adjusted and non-adjusted neck 
girth and serum testosterone levels for the entire and castrated bucks 
are presented in Figure 3.14. Throughout the trial the entire bucks were 
significantly heavier than the castrated bucks (P<O.05, Student1s 
t-test). In October 1983 (22 months of age) the entire bucks were ~4t 
heavier than castrated bucks and this margin increased to ~8i by 
November 1984 (35 months of age). Both groups exhibited liveweight gains 
over the late spring and summer period (October to March 1983/84 and 
October to November 1984). Over the two month period (April and May 
1984) spanning the rut (as defined in Section 4.1) the entire bucks 
showed a marked decline in mean liveweight, with the lowest mean values 
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Fi gure 3.14 Seasonal profiles of mean (±sem) liveweight, non-adjusted 
or adjusted neck girth and serum testosterone levels, from 
22 to 35 months of age, for 7 entire (solid symbols) and 11 
prepubertally castrated (open symbols) fallow bucks. 
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which occurred in early May (54.2 kg) being significantly different 
(P<0.05, Student's t-test) from the peak mean value recorded previously 
in late February (59.8 kg). The castrated bucks showed no significant 
(P>O.l, ANOVA and Student's t-test) liveweight changes over the same 
period. 
Neck girth measurements were significantly correlated with 
individual liveweights on each sampling date (P<0.05, regression 
analysis). After covariance adjustment there were significant (P<0.05, 
ANOVA) changes in mean neck girth of entire bucks over the study period. 
Mean adjusted and non-adjusted neck girth increased steadily from mid 
December 1983 (mid summer) until mid April 1984 (autumn), immediately 
before the onset of the rut (Figure 3.14) and thereafter steadily 
declined until August 1984 (late winter). Mean non-adjusted neck girth 
remained constant until the end of the trial period in November 1984 
whilst mean adjusted neck girth declined further. Mean neck girth was 
about 6~ greater in October 1984 than in the previous October, however 
this was not significant after adjustment for liveweight (P>O.l, 
Student's t-test). Castrated bucks also exhibited significant (P<O.05, 
ANOVA), but less pronounced, changes in mean adjusted neck girth, with 
definite increases occurring immediately prior to the rutting period. 
The mean adjusted neck girths of entire and castrated bucks were 
significantly different (P>0.05, Student's t-test) at all times except 
the final sampling date (28 November) when they were virtually identical. 
Mean serum testosterone levels of entire bucks showed a progressive 
but erratic increase from mid summer until immediately before the onset 
of the rut. Mean levels rose from <1.0 ng/ml in October and November 
1983 to reach a peak of >12.0 ng/ml in mid April. During the rut period, 
mean serum testosterone levels declined rapidly to reach relatively 
constant values between 1.0 and 2.0 nglml over the winter and early 
spring periods (May to October 1984), and gradually declined to basal 
levels of <1.0 nglml by November 1984. In contrast, serum testosterone 
153 
levels of castrated bUCKS remained very low «0.3 ng/ml) throughout the 
study period. 
Seasonal profiles of mean testicular diameter, ejaculate volume, 
spermatozoal density, spermatozoa per ejaculate and percentage of motile 
spermatozoa for the five ferti Ie, entire bUCKS are presented in Figure 
3.15. Testicular diameter measurements were poorly correlated with 
individual liveweights on each sampling date (P>0.1, regression 
analysis), therefore covariance adjustments were not performed. The 
seasonal profile of testicular diameter was similar to that of neCK 
girth, with progressive increases over summer and early autumn. PeaK 
mean diameter was recorded immediately before the rut period and was 
followed by a gradual decline in testicular size through winter and early 
summer, until the testes had returned to the size observed at the start 
of monitoring. 
There was no significant (P>O.1, regression analysis) seasonal 
variation in mean ejaculate volume (range: 0.12 to 0.21 m1), although 
there was a slight increase in mean volume in September 1984. However, 
there was considerable seasonal variation in spermatozoal concentration, 
spermatozoa per ejaculate and the percentage of motile spermatozoa. Very 
low concentrations of spermatozoa were detected in November (1983 and 
1984) and late January (1984) ejaculates; those present all having heads 
separated from tails. Ejaculates collected in late March (pre-rut), mid 
June (post-rut) and September (early spring) contained successively 
increasing numbers of viable spermatozoa. Few, if any, abnormal 
spermatozoa (e.g. head and tail separation) were detected in these 
ejaculates. 
3.4.4 : Discussion 
A distinct annual pattern of reproductive seasonality in entire 
fallow bUCKS is evident from the parameters measured in this study. When 
related to seasons, the annual cycle of testicular enlargement and 
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Fi gure 3.15 Seasonal profiles of mean (±sem) testicular diameter, 
ejaculate volume, spermatozoal concentration, spermatozoa 
per ejaculate and percentage of motile spermatozoa in 
ejaculates recorded from 5 entire fallow bucks from 22 to 
35 months of age. 
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regression is in general agreement with that recorded from studies of 
killed bucks in Britain (Chaplin & White, 197U, 1972; Chapman & Chapman, 
1970, 1975) and New Zealand (Baker, 1973). However, the other parameters 
have not previously been described in detail for fallow deer. 
Seasonal liveweight changes of the seven entire bucks followed 
expected trends in relation to the rut, the period of intense mating 
activity (refer Section 4.1). It has been stated, but not empirically 
demonstrated, that the rutting period of fallow bucks is associated with 
a rapid loss in liveweight (Chapman & Chapman, 1975), as observed for red 
deer stags (Fennessy, Moore and Corson, 1981). While the phenomenon 
occurred in the present study, the degree of liveweight loss (9.4%) 
in these bucks, run as a bachelor herd, was considerably less than that 
of three older bucks used as sires in 1983 and 1984 (~5%; Figure 4.7, 
Section 4.1). Therefore, the magnitude of liveweight loss through the 
rut may be related to buck age and/or the proximity of oestrous does. 
The possibility that other parameters measured in this study also may be 
affected by bachelor status must be borne in mind. 
Neck girth is known to show annual cyclic changes in relation to 
sexual development in red deer stags (Lincoln, 1971a). In fallow bucks, 
the increase in neck girth approaching the rut is mainly due to 2.6 fold 
increase in splenius muscle mass between January and Apri I in New Zealand 
(Field, Young, Asher & Foote, 1985). While the relative occurrence of 
different fibre types within the muscle does not change, fibre area 
increases dramatically, particularly for type IIA fibres (Field, Young, 
Asher & Foote, 1985). While testosterone-related splenius muscle 
development is common in adult male mammals, such as sheep (Jury, Fource 
& Kirton, 1977) and cattle (Tan, 1981), only in male deer is there a 
post-rut regression in mass (Lincoln, 1971a). The splenius muscle can 
therefore, be regarded as a target organ for androgens and in male deer 
it is very sensitive to seasonally changing levels of androgens. As a 
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result, measurements of changes in muscle mass .(eg. neck girth) in male 
deer may provide a useful indicator of seasonal androgen secretion. 
From this study it is apparent that seasonal changes in mean neck 
girth were closely related to the seasonal changes in mean serum 
testosterone levels in entire fallow bucks {Figure 3.14}. This 
relationship held true after neck girth measurements were adjusted for 
liveweight. Mean neck girth did not regress back to its former size of 
12 months earlier (ie. November 1983) but covariance adjustment for 
liveweight showed that in relative terms there was no difference. 
However, fallow bucks killed in summer (when neck girths were minimal) 
showed significant effects of age, after covariance adjustment for 
carcass weight, on the proportion of carcass distributed in the neck 
region of one- and two-year-old animals (Asher, 1985a). This suggests 
that the stimulatory effects of androgens on growth of some muscles at 
puberty are permanent, but thereafter annual increments in summer neck 
girth are due to increments in liveweight. 
Annual testosterone secretion profiles of entire male red deer 
(Bartecki & Jaczewski, 1983; Barrell, Muir & Sykes, 1985), wapiti (Haigh 
et !l., 1984), white-tailed deer (McMillin et al., 1974; Mirarchi ~~., 
197B) and roe deer (Gimenez et ~., 1975; Schams & Barth, 1982; Sempere & 
Lacroix, 19B2) all exhibit marked seasonality, with major elevations of 
blood testosterone levels starting two to three months before the onset 
of the rutting season, reaching peak levels prior to the rut and 
declining either during, or shortly after, the rutting season. In this 
respect, the entire fal low bucks in the present study did not differ 
markedly from other species of deer of northern temperate origin. 
It is evident from Figure 3.14 that mean serum testosterone levels 
in the entire bucks declined during the rutting period. This phenomenon 
also was observed for older, sire bucks (Figure 4.7; Section 4.1). 
Clearly rutting activity, and hence liveweight loss, do noi reflect peak 
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testosterone secretion by the testes, as the two former events were not 
in synchrony with the peak serum testosterone levels. Red deer stags in 
New Zealand show rapidly declining plasma testosterone levels in late 
March and early April (Barrell 9 Muir & Sykes, 1985). Although the rut of 
red deer stags, in terms of male vocalisations, starts in early March 
(G.W. Asher; unpublished data) when testosterone levels are close to 
maximal, it is believed that red deer hinds have their first oestrus 
several weeks following the initiation of such activity (Lincoln & 
Guinness, 1973), when blood testosterone levels in the males have 
declined. Thus, similar temporal relationships between androgen 
secretion and mating activity seem to occur in both red and fallow deer 
males. In other deer species, either blood sampling regimens have lacked 
suitable precision or the rut period has been too poorly defined to allow 
firm conclusions to be drawn from the literature about relationships 
between androgen secretion patterns and mating activity. 
Peak pre-rut levels of serum testosterone in fallow bucks and red 
stags, therefore. appear to be considerably higher than required for the 
maintenance of normal sexual activity during the mating period that 
closely follows. Whether the magnitude of the pre-rut serum testosterone 
peaks has any major physiological relevance is open to speculation, as it 
may be simply a consequence of over-stimulation of the testes. However. 
there was an apparently close relationship between mean testicular 
diameter, serum testosterone level and neck girth, with all three of 
these parameters attaining maximal mean values just before the onset of 
the rut. This may indicate that extremely high levels of testicular 
testosterone secretion are required for final development of secondary 
sexual characteristics prior to the rut. The prepuce of adult fallow 
bucks also undergoes marked histological changes immediately before the 
onset of the rut. This includes gross hyperkeratosis 9 hypertrophy of the 
epidermis 9 enlargement of the sebaceous and sweat glands and the 
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deposition of lipids (Kennaugh, Chapman & Chapman. 1977). Similarly. the 
ampullae, prostate gland and seminal vesicles of mature bUCKS attain 
maximal dimensions just before the onset of the rut (Chapman & Chapman. 
1979). These aforementioned secondary sexual characteristics probably 
represent target actions of androgens and their full development just 
prior to the rut may be dependent upon extremely high levels of 
testosterone in the blood. 
In contrast. spermatozoal production. as indicated by mean 
spermatozoal concentration and percentage motility. did not appear to 
peak until about four months after the rut (Figure 3.15). As ejaculates 
were collected at two-monthly intervals it is possible that maximal 
spermatozoal production actually occurred slightly earlier than indicated 
by the present data but was probably still well beyond the rut period. 
Two major but contradictory explanations are possible: 
(1) The high secretion rate of testosterone may be inhibitory to maximal 
spermatogenesis during the pre-rut period. In support of this is the 
finding that exogenous testosterone (i.e. high doses) exerts a 
dose-dependent inhibition of spermatogenesis in the ram (Courot et ~., 
1979; Schanbacher, 1980) possibly due to a reduction in the number of 
spermatogonial cells entering meiosis (Courot et ~., 1979). It would 
follow therefore that submaximal serum testosterone levels measured in 
fallow bUCKS during and after the rut may be more suitable for maximal 
spermatozoal production than the peak levels which occurred before the 
rut. 
(2) Spermatogenesis is stimulated by high pre-rut levels of serum 
testosterone. however. there is an interval of between two and four 
months between the onset of spermatogenesis and the occurrence of the 
mature spermatozoa in the semen. As with fallow deer in this study. 
Byers, Dowsett & Glover (1983) observed that the highest mean plasma 
testosterone levels in male horses were not associated temporally with 
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optimal semen quality. They attributed the 60 day hiatus between peak 
androgen levels and peak semen quality to the length of the spermatogenic 
cycle plus the period of transit of spermatozoa through the epididymis. 
Chapman & Chapman's (1975) observation that the testes of mature fallow 
bucks displayed the highest levels of spermatogenesis during the 
immediate pre-rut and rut periods supports the existence of a similar 
situation in fallow deer. 
There are conflicts between the present results and other data on 
spermatozoal production in male deer. Electro-ejaculation of adult (1-3 
years old) fallow bucks during the rut in Australia (April and May), 
whilst providing limited data. did produce ejaculate volumes and 
spermatozoal concentrations higher than those observed during the same 
period in the present study (Mulley, 1984). Furthermore, Haigh et ~. 
(1984) demonstrated that ejaculates collected from wapiti bulls had 
maximal concentrations and motility of spermatozoa for a seven month 
period from one month before the onset of the rut. 
It is possible, therefore. that methodological inadequacies have 
biased the results on spermatozoal production obtained in this study. 
First, there was a wide interval (two months) between sampling sessions, 
therefore the precision of the annual profile is limited. Secondly. due 
to operator inexperience initially. the earlier attempts to collect semen 
by electro-ejaculation may have been less successful than later attempts. 
In view of the important implications in relation to the potential 
collection and storage of viable semen for artificial insemination 
programmes, further in-depth studies on seasonal spermatozoal production 
in fallow bucks will be required to resolve these conflicts. 
Prepubertal castration apparently suppressed the seasonal cycle of 
serum testosterone levels of fallow bucks in this study. The effects of 
post-pubertal castration on testosterone secretion and antler growth in 
red deer stags have been demonstrated by Lincoln and his co-workers 
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(Lincoln, Guinness & Short, 1972; Lincoln & Kay, 1979). Furthermore, 
hormonal replacement treatment with testosterone (Lincoln, Guinness & 
Short, 1972) or oestradiol-17S (Fletcher & Short, 1974) was sufficient to 
reinstate development of secondary sexual characteristics and sexual 
behaviour in castrated red stags during the breeding season. Similar 
results were obtained in one of the present studies by treating a 
post-pubertally castrated fallow buck with testosterone esters during the 
1984 breeding season (Section 3.2). 
Although prepubertal castration of fallow bucks did not completely 
suppress androgen secretion around the time of puberty (10 to 16 months 
of age. Figure 2.4, Section 2.2), there was no evidence of testosterone 
secretion in the same bucks at 22 to 35 months of age. This suggests 
that androgens from an extra-gonadal source could be involved in pubertal 
development of bucks but not necessarily in their subsequent annual 
reproductive cycles. On the other hand, Bubenik (1982) argued that low 
levels of testosterone are required in adult entire male deer to 
stimulate growth of antlers during the period of sexual quiescence. In 
support of this Bubenik was able to detect testosterone, presumably of 
extra-gonadal origin, in the plasma of post-pubertally castrated 
white-tai led bucks. In post-pubertally castrated red deer, although 
plasma testosterone levels were generally undetectable «0.2 ng/ml). 
they were occasionally above (up to 0.4 ng/ml) the lower limit of assay 
sensitivity (Lincoln & Kay, 1979), and Bubenik (1982) cited this as 
evidence for adrenal testosterone secretion in male deer. Castrated 
fallow bucks in the present study did not have antlers, so it is possible 
that the extra-gonadal secretion of androgens declined by 22 months of 
age due to the absence of stimulatory feedback originating from growing 
antler tissue. However, the existence of such feedback is purely 
speculative. 
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It is curious that the castrated bucks exhibited minor but 
statistically significant seasonal changes in mean adjusted neck girth, 
roughly paralleling these of entire bucks, without exhibiting any 
evidence of testosterone secretion as adults. This may, in fact, 
indicate that a low level of extra-gonadal androgen secretion does occur 
in male fallow deer during autumn and that such secretory activity may 
produce physiologically significant serum testosterone levels below the 
sensitivity of the assay employed in this study. If such is the case, 
the splenius muscle of the neck is clearly very sensitive to hormonal 
changes. However, one cannot neglect the possibility that circannual 
rhythms of other hormones persist independently of androgens and may 
influence such organs as the splenius muscle. 
SECTION FOUR 
REPRODUCTIVE BEHAVIOUR 
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4.1 Rutting activity of fallow bucks 
4.1.1 : Introduction 
The "rut" of various deer species is a restricted period of the 
breeding season when males exhibit intense overt sexual behaviour and 
during which most matings and conceptions occur (Lincoln & Guinness, 
1973; Chapman & Chapman, 1975; Lincoln & Short, 1980). Male deer make 
almost no contribution to the nutrition and survival of individual 
offspring and their involvement in the next generation is largely 
dependent on their ability to gain breeding access to members of the 
opposite sex. This involves considerable investment of energy in rutting 
activity in order to establish mating territories and to defend these 
against other males of the species (Clutton-Brock, Guinness & Albon, 
1982). The rut, therefore, is most frequently defined by marked changes 
in male behaviour, particularly in respect to the occurrence of 
characteristic vocalisations, with little reference to female behaviour. 
Comprehensive accounts of male rutting behaviour have been provided 
for red deer (Lincoln & Guinness, 1973; Clutton-Brock & Albon, 1979; 
Clutton-Brock et !l., 1979; Owen-Smith, 1984), wapiti (Strushaker. 1967; 
Rapley, 1985), roe deer (Bram'ley. 1970), black-tailed deer (Kucera, 
1978, Geist, 1981), reindeer and caribou (Espmark, 1964; Lent. 1965; 
Bergerud. 1974). In comparison, rutting behaviour of fallow bucks has 
not been quantified adequately and many accounts of such behaviour are 
mainly anecdotal (Taylor-Page, 1962; Cadman, 1966; Ueckermann & Hansen, 
1968; Chapman & Chapman, 1975). Espmark & Brunner (1974) monitored the 
frequency of buck vocalisations during isolated periods of the rut for a 
population of wild fallow deer in Sweden. However, they did not relate 
these events to other quantified behavioural changes or to the incidence 
of oestrus in does. Cook (1978) investigated spatial distributions of 
bUCKS and does during the breeding season in a small herd of farmed 
fallow deer. However, behavioural changes of bUCKS and does were not 
extensively examined and only two mating observations were recorded 
throughout the study. 
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Due to restrictions on choice of partners and competition between 
rutting males, many aspects of fallow deer rutting behaviour are likely 
to be modified under intensive farming regimens. It is therefore 
important to draw a distinction between rutting behaviour of farmed and 
free-ranging populations, even though Espmark & Brunner (1974) considered 
that basic rutting behaviour was "resistant against moderate restrictions 
of living conditions." By controlling various aspects of habitat (i .e. 
removal of visual barriers, restriction of deer movements) and by 
outfitting bucks with crayon-mating harnesses to mark oestrous does, it 
has been possible to undertake a study that investigates the relationship 
between buck behaviour and the mating season. 
The present study investigated rutting behaviour and vocalisations 
of three adult sire bucks during the 1983 rut, and these events have been 
related to the observed period of first oestrus matings. Furthermore, 
the annual cycles of liveweight, neck girth and serum testosterone levels 
of these three bucks were monitored over three consecutive rutting 
seasons to illustrate the profound effects of the rut upon their physical 
condition. 
4.1.2 : Materials and methods 
Sire bucks: Two fertile bucks (G3 and G4), 27 months old in March 1983, 
and another fertile buck (Or6), 39 months old in March 1983, were each 
used as sires during the 1983, 1984 and 1985 rutting seasons. The three 
bucks were weighed, blood sampled (Section 1.1.3) and their neck girth 
recorded (Section 3.4.2) at one or two week intervals over the 1983 and 
1984 rut seasons (March to June) and at other times, approximately 
monthly until April 1985. A total of -180 serum samples were analysed 
for levels of testosterone (Section 1.3.4) in two assays. 
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Management of 1983 mating group~ : Three groups of 20 does (Table 3.5), 
Section 3.3.2) were each joined with a single crayon-harnessed buck from 
25 March until 30 May 1983. Thereafter, until 30 June, the does were 
grazed as a single group with a single buck. The initial three mating 
groups were grazed in adjacent 0.25 ha paddocks sharing one common 
boundary fence (paddocks 4, 5 and 7; Figure 1.4, Section 1.3.1), all 
within 75 m of the observation tower. Meadow hay was provided ~ libitum 
in hay racks to supplement pasture intakes throughout the study period. 
Oestrous detection: During 24-hour surveillance sessions, observed 
matings and oestrous behaviour were recorded (Section 4.2). At all other 
times while sire bucks were present, the does were checked for crayon 
mating marks at least twice daily (Section 1.3.3). 
Five-minute activity sequences of sire bucks: During four "diurnal 
~riods", starting at 0630 (dawn), 1030 (mid-morning), 1400 (afternoon) 
and 1800 h (dusk) (New Zealand Standard Time) daily from 3 April to 
12 May 1983 (40 days) each of the three sire bucks was successively (i .e. 
G4 then Or6 then G3) observed for exactly five minutes. During this time 
their entire "primary activity" sequence, in the broad categories 
described below, was recorded on a time-axis form. The primary activity 
categories, and their codes, were as follows; grazing (G), standing (St; 
surveillance activity), walking (W; as distinct from general grazing 
movements), running or chasing (R), sitting (S; resting activity), 
self-grooming (SG), mutual grooming (MG), fighting (F), pawing ground 
(P), head rubbing (HR), sniffing does (Sn) and flehmen (Fl). 
Buck vocalisation, or "groaning" (after Gilbert, 1964), was regarded 
as a "secondary activity" and occurred during most types of primary 
activity. This was recorded as the number of individual groans (guttural 
belches emitted singularly or in longer sequences) within the five minute 
activity sequence of each buck. 
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At any sign of disturbance by people during the recording period, 
observations were discontinued, to be started anew several minutes after 
the effects of the disturbance were deemed to be over. Generally, 
however, activity of people on the deer unit was curtailed during the 
four daily recording periods. 
15-30 minute interval observations over 24-hour periods: To provide a 
comparative data set with that from the five-minute activity sequences, 
the three mating groups were observed for a 24-hour period from 0600 to 
0530 h on 23 occasions from 3 April to 11 May 1983. Every 15 minutes 
during daylight hours (0600 to 1800 h) and every 30 minutes during 
darkness (1830 to 0530 h) a single observation of each buck1s primary 
activity (as above) was recorded. Groaning activity was recorded in 
addition to the primary activity by the inclusion of "+" next to the 
primary activity code. The buck data were collected in conjunction with 
equally spaced observations on doe group activity (Section 4.2.2). 
Nocturna 1 observat ions were performed wi th an i mage-i ntens ifyi ng 
telescope (Section 1.3.3). However, ful I 24-hour observations were not 
possible on five occasions due to heavy fog that settled between 0200 and 
0800 h. Furthermore, observations that coincided with disturbance by 
people were disregarded. As these disruptions were well spaced over the 
entire study period, no adjustments were made in the analyses. 
Statistical analyses: (i) Five-minute primary activity sequences: Each 
individual primary activity within a five minute sequence was numerically 
coded by buck number, date, observation period, start time (in seconds 
from the initiation of the five-minute sequence) and finish time (ditto). 
The total duration (seconds) of each primary activity was subsequently 
calculated for each five-minute sequence. Following normalisation by 
arcsin transformation, a split-plot ANOVA (Genstat) was performed on the 
proportion of the total time involved for the four major primary 
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activities (i.e. activities that together accounted for >90~ of total 
primary activity); grazing, standing, walking and resting; acknowledging 
bucks (n=3), diurnal periods {n=4} and day-groups (n=10 groups of four 
days) as sources of variation. 
The minor primary activities (i .e. activities that together 
accounted for <10% of total primary activity) were pooled into three 
categories; (a) investigatory behaviour (i.e. olfactory investigation of 
does, mutual grooming and flehmen), (b) self-grooming activity (i .e. 
grooming and head rubbing) and (c) agonistic behaviour (i.e. fighting, 
pawing ground, bunting and chasing does). The data were similarly 
transformed and subjected to the same statistical analysis as for the 
major primary activities. The data for major and minor primary 
activities are presented graphically as non-transformed proportions. 
(ii) 15-30 minute interval observations: Primary activities recorded 
from 24 hour observations were catalogued for buck number, date and time, 
and the proportion of observations involving each of the four major 
primary activities (as above) was calculated. As these data are not 
suitable for rigorous statistical analysis due to the limited number of 
bucks observed (n=3) and observations per buck within a 24 hour period 
(n=90 maximum), they are presented simply as circadian or seasonal 
profiles of each activity as a proportion of total dai Iy or seasonal 
observations for the three bucks combined. 
(iii) Vocalisations : Data on groaning activity were treated 
independently from those of primary activities. Again, two comparative 
data sets were obtained. The number of distinct groans per minute was 
the parameter calculated from five-minute activity sequences, while the 
proportion of total daily observations in which bucks were additionally 
engaged in groaning activity was calculated from the 15-30 minute 
interval observations. The relationship between the daily incidence of 
oestrous in does and the daily incidence of groaning activity was 
investigated using Spearman's rank correlation coefficient (rsp ; 
Minitab). 
4.1.3 : Results 
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Relationship between buck vocalisations and the incidence of first 
oestrus: The groaning vocalisations of the three sire bucks in 1983 were 
heard by observers only during the period between 19 April and 8 May 
inclusive. This is shown in Figure 4.1(a) as the daily incidence of 
groaning activity, as assessed by two different methods. The entire 
duration and peak of vocal activity were closely related to the date of 
first oestrus of the does (Figure 4.1(b)). There was a significant 
positive correlation between the daily number of does observed in oestrus 
and the daily frequency of groans during five-minute activity sequences 
(rsp=0.S4; n=20; P<O.OOI) or the proportion of 15-30 minute interval 
observations involving groaning activity during 24-hour periods 
(r
sp=O.71; n=16; P<O.OI). Although formally recorded observations were 
not continued far beyond the first oestrus mating period, bucks were not 
heard groaning at any other time of the year. 
The total number of individual groans recorded during the four 
diurnal periods, and the proportion of 15-30 minute interval observations 
in which groaning activity was occurring during consecutive segments of 
the 24 hour period, are presented in Figure 4.2. From both data sets it 
is apparent that buck vocalisations were more intensive during the dawn 
and dusk periods, with a further indication from the 15-30 minute 
interval observations that groaning frequency may have been highest 
during night time. It was noticeable during observations that groaning 
activity was most frequently associated with walking and standing 
activities, but also occurred in association with resting and even 
grazing activities. 
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Fi gure 4.1 (a) Daily incidence of groaning activity of three fallow 
bucks during the 1983 rutting season as indicated by the 
number of groans per minute (bar graph) recorded during 
five-minute activity sequences (pooled values from all 
bucks and diurnal periods) and the proportion of 15-30 
minute interval observations over 24 hour periods 
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between buck s) • 
(b) Daily incidence of observed first oestrus in 59 
fallow does during the 1983 rutting season. 
en 
12000 
fJ 
en 
i 
11500 
Cl 
'§ 
"C 
en 
c 
Cd 1000 0 
a 
-0 
.... 
i 500 
'ii 
'0 
.... 
0 0 
0600 
Figure 4.2 
170 
light WIlli! 1//11// II/firm I/III!J////II!IIA 
.... 
o 
~ 
Ol 
.5 
10 i 
1000 1400 1800 2200 0200 0600 
New Zealand Standard Time 
Circadian variation in groaning activity of three fallow 
bucks during the study period, as indicated by the total 
number of groans recorded during five-minute activity 
sequences (bar graph) at four diurnal observation periods 
(0630. 1030. 1400, and 1800 h) and the proportion of 15-30 
minute interval observations during two hour (daytime) 
5 
0 
and four hour (night-time) segments of 24 hour observations 
(e 0) in which groaning activity was recorded. All data 
are pooled values from all bUCKS and observation days. 
~ 
.... 
0 
Q.l g 
Q) 
'-
'-
::J () 
() 
0 
I 
171 
Activity allocation during the rut: 
(a) Major primary activities: The three bucks exhibited similar 
activity profiles during the study period from early April to mid May and 
there were no significant differences (P>O.I; ANOVA) between bucks for 
the proportional allocation of any major primary activity, either by 
diurnal period or day-groups. Therefore, the data were pooled between 
bucks and the subsequent analysis investigated diurnal and seasonal 
components of primary activity allocations during five-minute sequences. 
The four major activities all exhibited highly significant (P<O.OOI) 
proportional changes with respect to the time of day. This is shown in 
Figure 4.3 as the proportion of total time invested in each major primary 
activity during the four diurnal periods. Peak grazing activity occurred 
during the dusk (1800 h) and, to a lesser extent, the dawn (0630 h) 
periods. Similarly, both walking (i .e. usually patrolling fencelines) 
and standing (i .e. surveillance) activities were more prevalent during 
these two diurnal periods, particularly at dawn. In contrast, resting 
activity (i .e. sitting) exhibited the opposite trend, with peaks 
occurring in the mid-morning (1030 h) and afternoon (1400 h) periods. 
The data on diurnal distribution of major primary activities during 
five-minute sequences were generally supported by data on the circadian 
distribution of these activities, based on 15-30 minute interval 
observations (Figure 4.3). However, the latter data also indicated that 
activity allocation changed during night time. 
The seasonal profiles of the four major primary activities are 
presented in Figure 4.4. The data from five-minute sequences were pooled 
within four-day groups. Grazing, walking and standing activities all 
exhibited significant (P<O.OI) proportional changes throughout the study 
period; all three with highly significant (P<O.OOI) quadratic components. 
Grazing activity markedly declined from a pre-mating peak of ~O% of 
recorded activity to minimum levels of -6% by the first half of the 
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Circadian variation in major primary activity allocations 
(i.e. grazing. walking, standing, resting) of three fallow 
buCkS during the study period, as indicated by: 
(i) the proportion of total primary activity during 
five-minute activity sequences (bar graph) at four diurnal 
observation periods (0630, 1030, 1400 and 1800 h) (LSD = 
least significant difference); and (ii) the proportion of 
total primary activity during two-hour (daytime) and 
four-hour (night-time) segments of 15-30 minute interval 
observations over 24 hour periods (. e). All data are 
the pooled values for all bucks and days. 
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mating period. This was followed by increased grazing activity during 
the latter stages of the mating period which reached an immediate 
post-mating peak of -45~ of recorded activity. These data are closely 
supported by data from 15-30 minute interval observations over 24 hour 
periods (Figure 4.4). There was an indication from both data sets that 
post-mating grazing activity surpassed previously recorded levels. 
Both data sets clearly show that walking and standing activities 
markedly increased from the start of the study period, reached peak 
proportional levels during the mating period, and then declined after the 
mating period. It is noteworthy that grazing, walking and standing 
activities exhibited proportional changes before the start of mating. 
Resting activity did not exhibit significant proportional changes 
during the study period (P=O.59). Although there was a significant 
(P=O.OOl) diurnal period x day-group interaction, this did not have 
significant linear, quadratic or cubic components (P>O.4) and, therefore, 
probably does not represent a real effect. 
(b) Minor primary activities: Investigatory and self-grooming 
activities, but not agonistic behaviour, exhibited significant (P(0.05) 
proportional changes in relation to the time of day (diurnal period). 
Generally, these activities were more pronounced during the dawn and dusk 
periods (Figure 4.5). All three minor activities exhibited significant 
seasonal changes (P>0.05) (Figure 4.6). Investigatory and self-grooming 
activities became more pronounced before the onset of the mating period 
and declined towards the end of the mating period. In contrast, 
agonistic behaviour (e.g. fighting between bucks, aggression towards 
does and chasing of does) was most prevalent during the mating period 
only, particularly on days when the incidence of oestrus was highest. 
Reliable comparable data on minor primary activities from 15-30 minutes 
interval observations were unavailable due to the low number of 
observations. 
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Annual cycles of liveweight, neck girth and serum testosterone 
levels The seasonal profiles of 1iveweight and neck girth between 
December 1982 and April 1985 (29 months) of the three sire bUCks are 
presented in Figure 4.7. In addition. the serum testosterone profile of 
one of these bucks (G3) is included in Figure 4.7 as being representative 
of the profiles of all three bucks. The three annual rutting periods 
(1983, 1984 and 1985) are indicated by the periods of observed first 
oestrus matings for each of the three years (excluding artificially 
induced oestruses). 
Peak liveweights were attained approximately six weeks before the 
onset of the mating period. Thereafter, they declined precipitously over 
the next two months to reach minimum levels at the end of the mating 
period. This represented up to ~5% loss of peak liveweight. Although 
some recovery was apparent immediately following the mating period, the 
bucks generally maintained low liveweights for three to four months over 
winter and thereafter gained weight rapidly during spring and summer. 
Peak annual liveweights of individual bucks increased successively in 
each subsequent year. 
Neck girths also exhibited a marked annual cycle, with peak values 
occurring within two weeks of the onset of the mating period. As with 
liveweight, neck girths decreased rapidly during the mating period. 
However, the most rapid subsequent gains in neck girth occurred in the 
period from January to March (late summer and early autumn), which was 
considerably later than the corresponding period for liveweight gains. 
The neck girth profiles were closely related to seasonal trends in serum 
testosterone levels, which were basal in November and maximal two to 
three weeks before the onset of the mating period. Furthermore, serum 
testosterone levels generally declined during the mating period, as 
observed in a previous study (Section 3.4). 
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4.1.4 : Discussion 
The vocalisation of male deer during the "rut" is one of the more 
obvious features of cervid reproduction. While "groaning" activity of 
fallow bucks is perhaps not as conspicuous as "roaring" of red stags or 
"bugling" of wapiti bulls, it is no less remarkable for its intensity. 
Espmark & Brunner (1974) showed that groaning intensity 
(groans/minute) during the "main rut" (undefined term) was more 
pronounced at dusk. Likewise, the present study has clearly indicated 
circadian variation in groaning activity, with a probable association 
between peak groaning intensity during dawn and dusk, and peak walking, 
surveil lance and investigatory activity during the same diurnal periods. 
However, the seasonal occurrence of groaning activity is of 
particular interest. Although Christie & Andrews (1966) claimed that 
groaning activity is triggered by declining temperatures, Espmark & 
Brunner (1974) showed that there was no correlation between ambient 
temperature and groaning intensity. This has likewise been shown for 
roaring activity of red stags (Lincoln & Guinness, 1973). 
In the present study on farmed fallow deer, there was a clear 
association between groaning activity of the sire bucks and first oestrus 
of the does. The incidence of groaning appeared to be strictly confined 
to the mating period. This is in contrast to red deer, in which 
"roaring" activity of stags is initiated at least two weeks before the 
onset of mating activity (Lincoln & Guinness, 1973). 
It has been suggested that, besides being important for establishing 
rut territories, roaring by red stags may actually influence the onset of 
oestrus in hinds (Lincoln & Guinness, 1973). However, this is clearly 
not the case for fallow deer, and it seems more likely that the 
occurrence of oestrous does stimulates groaning activity of the bucks. 
This is supported by the fact that the intensity of groaning activity 
appeared to be related to the number of does observed to exhibit oestrus 
on each day of the mating period and this is more likely to be a buck 
response to the occurrence of oestrus than a doe response to groaning 
intensity. 
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Bucks exhibited marked seasonal changes in the daily allocation of 
primary activities, such that the onset of mating (or groaning) coincided 
with a marked decline in grazing activity, increases in walking, 
standing, investigatory, self-grooming and agonistic activities, but with 
little apparent change in resting activity. Although the methods of 
monitoring allocation of activity by male deer during the rut have varied 
considerably, the magnitude of reduction in daily grazing activity 
appears to be similar for various cervid species. Red deer 
(Clutton-Brock, Guinness & Albon, 1982; Owen-Smith, 1984), wapiti 
(Strushaker, 1967; Rapley, 1985) and fallow deer (present study) exhibit 
between 70 and 80~ reduction in grazing activity during the mating 
period. Such changes in grazing activity undoubtedly result in marked 
reductions in voluntary feed intake during the rut. This is supported by 
the studies of Sterba & Klusak (1984) who noted dramatic reductions in 
rumen fill of bucks killed during the rut compared with bucks killed 
before the rut. Similarly, penned red deer stags have been observed to 
exhibit pronounced reductions in voluntary feed intakes during the rut, 
even in the absence of hinds (Kay, 1~79, 1985; Fennessey, 1981). 
Furthermore, marked increases in the proportion of time invested in 
walking, surveillance and agonistic activities are a common feature of 
rutting male red deer (Clutton-Brock, Guinness & Albon, 1982; Owen-Smith, 
1984), wapiti (Strushaker, 1967; Rapley, 1985) and fallow deer (present 
study). The combined effects of reduced feed intake and increased energy 
consumption clearly resulted in negative energy balances and in large 
liveweight losses in the rutting fal low bucks. Such changes in 
liveweight also were a feature of entire fallow bucks maintained in 
bachelor herds, although the magnitude of liveweight loss was not as 
great as for the sires (Section 3.4). Simi larly, liveweight losses of up 
to 20% have been noted for red deer stags at the end of the rutting 
season (Mitchell, McCowan & Nicolson, 1976; Mitchell, Staines & Welch, 
1977) • 
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It is interesting to note that changes in allocation of various 
activities during the mating period were not at the overall expense of 
resting activity, although the daily allocation of rest was highly 
variable. This contrasts with red deer, in which there is a marked 
decline in resting activity during the mating period (Owen-Smith, 1984). 
In terms of total activity allocation in fallow bucks, the decline in 
grazing was compensated for by increases in surveillance activities, 
seemingly without affecting resting activity. However, it should be 
noted that bucks maintained herd and territory surveillance while resting 
and, on numerous occasions during the mating period, were observed to 
groan while sitting. 
Changes in the allocation of primary activities were apparent before 
the mating period. Thus, grazing activity decreased and 
walking/surveil lance activities increased over a two week period before 
any mating occurred. Similarly, bucks exhibited investigatory behaviour 
towards the does (i .e. sniffing of does, flehmen) several weeks before 
mating occurred. It is possible that pre-mating changes in activity 
allocation are in response to pheromonal cues emitted by the does. Other 
studies (Sections 3.1 and 5.2) have established that silent ovulations 
occur in does at least 9-10 days before first oestrus. Although no 
normal mating behaviour has been observed in response to these 
ovulations, it is possible that they serve not only to help synchronise 
first oestrus (Section 3.1) but also to initiate rutting activities in 
bucks. An incident observed in 1983 suggested that bucks may be able to 
detect silent ovulations. A non-responsive doe (W28; Section 3.1) was 
repeatedly mounted and finally IIraped" by the buck while the group was 
being yarded. The doe exhibited first oestrus nine days later and its 
progesterone profile (Appendix 2) indicated the presence of a transient 
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corpus luteum between the two matings, suggesting that an ovulation had 
occurred around the time of first mating. While this incident may be due 
to the influence of artificial stimuli and does not reflect normal 
behaviour, it does perhaps indicate that silent ovulations sometimes can 
be detected by the bucks. Lincoln & Guinness (1973) have suggested that 
the onset of rutting activity of red deer stags also may be influenced by 
pheromonal cues emitted from pre-oestrous hinds, although they did not 
attempt to relate this to "silent" ovulations. 
Rutting activity appeared to be terminated soon after the cessation 
of the first oestrus mating period. Although formally recorded 
observations of buck activity were discontinued in mid May, it is 
interesting to note that bucks were not heard IIgroaning" at any time 
during "return ll oestrous periods in May to October, even though such 
oestruses elicited mating behaviour (Section 3.1). Furthermore, 
induction of oestrus three weeks earlier than natural first oestrus 
(Section 5.2) did not induce groaning activity of sire bucks. It is 
possible that the establishment of rutting territories or II stands" 
(Chapman & Chapman, 1975) is a necessary prerequisite to normal rutting 
and groaning activity in response to oestrus does, and in the case of 
"out-of-season" oestrus, either rutting territories had not been 
established or they had been recently disbanded. It is also possible 
that there are exogenous seasonal cues (e.g. photoperiod) which influence 
rutting activity such that first oestrus and groaning activity 
coincidentally occur at a certain time of year. However, it is unlikely 
that such precise synchrony between males and females, as observed in the 
present study. could be triggered by season cues. It is more likely that 
these cues provide a general time schedule for mating and the actual 
timing of the rut involves interactions between both sexes and a response 
to each other1s reproductive state. 
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In summary, the "rut ll of fallow bucks has two di sti nct components; 
(1) premating activity changes, possibly in response to pheromonal cues 
emitted from the does, and (2) mating behaviour, involving "groaning" and 
an increase in agonistic behaviour. 
Throughout this thesis, reference to the "rut" of male deer relates 
to the mating/groaning period observed in each year, as these two events 
are more obvious to the casual observer than the premating activity 
changes observed in the present study. 
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4.2 Mating behaviour of fallow deer and activ;ty allocation of fallow 
does during the .ating period 
4.2.1 : Introduction 
Descriptive accounts of the cervid rut tend to be dominated by the 
behavioural activities of sexually active males (see Section 4.1) with 
little reference to either oestrous/mating behaviour or circadian 
activity patterns of the females. This is not surprising in view of the 
fact that behavioural oestrus, the only major overt sign of sexual 
activity by individual females, is exhibited for only a short duration 
(e.g. 15-17 hours in wapiti; Morrison, 1960b : ~4 hours in red deer; 
Guinness, Lincoln & Short, 1971) and as oestrus is not perfectly 
synchronised between herd-mates, it is unlikely to lead to major 
short-term changes in overall herd activity patterns. Nevertheless, 
oestrous behaviour in individual females is characterised by pronounced 
changes in activity (e.g. white-tailed deer; Ozoga & Venne, 1975) and 
receptivity towards the sexual advances of the male. While such 
behaviour has been documented for red deer (Guinness, Lincoln & Short, 
1971; Veltman, 1985), wapiti (Morrison, 1960a), reindeer (Espmark, 1964) 
and blaCk-tailed deer (Kucera, 1978), few researchers have observed 
reproductive behaviour of female fallow deer. Espmark & Brunner (1974) 
and Cook (1978) have provided brief descriptions of fallow deer mating 
behaviour but these were based on a total of only three observations. 
Activity patterns of fallow does have not been previously 
documented. However, Cook (1978) investigated spatial distributions of 
does relative to bucks during the rutting period and found a marked 
congregation of females around male rutting "stands ll during the main 
rutting period. This tends to suggest that the rut is not merely a 
buck-dominated event, but involves active participation by does. 
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The present study has investigated behavioural components of mating 
sequences observed in 1983 and circadian activity patterns of does 
throughout the 1983 mating season. 
4.2.2 : Materials and ~thods 
Management of 1983 mating groups: Three groups of 20 does (Table 3.5, 
Section 3.3.2) were each joined with a single crayon-harnessed buck from 
25 March until 30 May 1983. These groups were grazed in adjacent 0.25 ha 
paddocks sharing one common boundary fence (i .e. paddocks 4, 5 and 7; 
Figure 1.4, Section 1.3.1), all within 7b m of the observation tower. 
Meadow hay was provided ~ libitum in hay racks to supplement pasture 
intakes throughout the study period. 
Recording mating seguences : On 21 occasions during daylight hours, 
entire mating sequences that involved the interaction between a single 
buck and doe were recorded. Such recordings were generally initiated 
whenever a doe was first observed to exhibit receptivity towards the 
advances of the buck and were discontinued following complete 
disassociation of the pair after copulation. A minute by minute 
commentary of events occurring between the buck and doe were recorded 
either on paper or into a tape recorder to be later transcribed onto 
paper. Particular care was taken to record all non-copulatory and 
copulatory mounts by the bucks. 
15-30 minute interval group activity observations over 24-hour periods: 
On 23 occasions from 3 April to 11 May inclusive, the three mating groups 
were monitored for a 24 hour period from 0600 to 0530 h. Every 15 
minutes during daylight hours (0600 to 1800 h) and every 30 minutes 
during darkness (1830 to 0530 h) the numbers of does in each mating group 
involved in each of the following primary activities was recorded; 
grazing, standing, resting (sitting or lying), walking, running, 
self-grooming and drinking. Nocturnal observations were performed using 
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an image-intensifying telescope (Section 1.3.3). However, entire 24 hour 
observations were not possible on five ?~casions due to heavy fog that 
generally settled between 0200 and 0800 h. Furthermore, at any sign of 
human disturbance, observations were discontinued until the effects of 
the disturbance were deemed to be over. 
Statistical analyses: (i) Mating sequences: There was considerable 
variation in duration of observed mating sequences and the number of 
events recorded for each sequence. Therefore, it was only possible to 
describe broadly the main behavioural characeristics of oestrus, 
courtship and copulation (i.e. events that were common to all or most 
sequences). Of the 21 recorded mating sequences, seven were recorded for 
each sire buck. Differences between sire bucks in the duration of mating 
sequences (i.e. the interval from the first mount to copulation), the 
number of mounts per courtship and the mount rate (i.e. mounts per 
minute) were investigated using non-parametric (Kruskall-Wallis) one-way 
analysis of variance (Minitab). 
(ii) 15-30 minute interval group activity observations: Observations 
were numerically coded by date, time (at 15- or 30-minute intervals), 
mating group and the number of does within each of the seven primary 
activity categories. Following normalisation by arcsin transformation 
and the fitting of estimated values for missing values using a bui It in 
algorithm (Genstat), a balanced, split-plot ANOVA was performed on the 
proportion of does engaged in each activity; acknowledging mating group 
(n=3), time of day~ (n=8 periods of three hours) and day groups (n=6 
groups of either three of four consecutive 24-hour observations) as 
sources of variation. The data are presented graphically as 
non-transformed proportions. 
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4.2.3 : Results 
Mating behaviour During the 1983 mating season 45 matings were 
observed, of which 21 (46.7~) were mating sequences recorded during 
daylight hours. The remaining 24 (53.3~) matings were observed. but not 
formally recorded. during night-time. The main behavioural 
characteristics of oestrus (female component), courtship (male component) 
and copulation are described as follows: 
(i) Pre-oestrous behaviour of does and responses by the buck: 
Although not formally recorded prior to mating sequences. the first 
indication of impending oestrus was often observed approximately 12 to 24 
hours before its onset, when the doe disassociated itself from 
herd-mates, continually paced fencelines and frequently exhibited 
aggression towards any encroaching does. During this period, the buck 
periodically approached the doe, often displaying an exaggerated 
"goose-step" walk, flared pre-orbital glands and raised tail. However, 
the doe actively avoided the buck during such encounters and was often 
chased back into the main body of the herd. Characteristically, the doe 
would run with its neck and head inclined below the level of the 
shoulders and would bleat repeatedly until the chase was over. The buck 
usually emitted several loud groans during the chase and, once 
stationary, would often continue groaning. Such sequences were 
suggestive of herding behaviour, as described for fal low deer by Cook 
(1978). 
Pre-oestrous behaviour of does continued to within a few hours of 
the onset of overt oestrus. However, during the intervening period the 
doe spent much of the time resting (sitting). During this stage, the 
buck would often remain close to the doe, sometimes even resting just a 
few metres away. Usually, however, the buck made frequent olfactory 
checks of the resting doe's vulval region during routine investigatory 
walks. In response to this, the doe either remained sitting, exhibited a 
low neck stretch parallel to the ground and either bleated repeatedly or 
stood up and ran away, only to sit down again in another part of the 
paddock. 
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(ii) Onset of oestrus and courtship: The first, usually somewhat 
abrupt, indication of overt oestrus was either the initiation of fervent 
self-grooming (preening) activity by the standing doe (i.e. continual 
chin-rubbing over the rump and back; Figure 4.8d) or a sudden approach by 
the buck that was not associated with submissive/avoidance behaviour by 
the doe. In the latter case, the buck generally showed considerable 
interest in the doe by sniffing or licking the doe's vulva (Figure 4.8a), 
assuming a characteristic stance with its chin over the doe's shoulder or 
back (Figure 4.8b), grooming to doe's face and ears, or groaning nearby 
(Figure 4.8d). In response, the doe usually remained standing (Figure 
4.8a and 4.8b) or continued preening (Figure 4.8d). Such activity 
usually persisted for only a few minutes before the first tentative mount 
was made by the buck (Figure 4.9a). As the transition to overt oestrus 
and mounting activity was so abrupt, the first mount was occasionally the 
first indication of oestrus that was noted by observers. 
(iii) Courtship: Repeated mounting of the oestrous doe was a common 
feature of all recorded mating sequences. In most cases only the final 
mount was a copulatory mount, and it was the earlier non-copulatory 
mounts that resulted in the deposition of crayon on the does ' 
hindquarters (Figure 4.9a). Between 8 and 31 mounts (mean :±sd = 
16.4±6.8) were recorded during courtships (Figure 4.10a) and the interval 
between the first tentative mount and the final copulatory mount (Figure 
4.10b) ranged from 4 to 50 minutes (mean ±sd = 14.8±l0.4). The mount 
rate (Figure 4.10c) varied from 0.6 to 2.5 mounts per minute (mean :±sd = 
1.32±0.48). There were no significant differences between the three sire 
bUCKS for either the number of mounts per courtship (Hj = 0.14; P>0.1), 
the courtship interval (Hj = 2.06; P>0.1) or the mount-rate per courtship 
(Hj = 3.55; P>0.1). 
Figure 4.8 Behavioural events observed during mating sequences of 
fallow deer. 
(al buck sniffing vulval region of an oestrous doe (bl chin over shoulder stance exhibited by the buck 
(c) buck bunting an oestrous doe following a previous 
confrontat1on with a rival buck 
(d) buck groan1ng while the oestrous doe exhib1ts 
character1st1c preen1ng act1vity 
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Figure 4.9 Behavioural events observed during mating sequences of 
fallow deer. 
(a) non-copulatory mount 
(b) copulatory thrust following intromission 
(c) post-copulatory stance exhibited by the doe 
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Fi gure 4.10 : Frequency plots of (a) the number of mounts per courtship.(b) the interval from first mount to copulation and (c) the 
mount rate per courtship, for seven recorded mating 
sequences for each of the three sire bucks in 1983. The 
open circles represent observations (n=2) in which there 
was repeated disruption of mating sequences by rival bucks. 
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The early mounts by the buck during courtship sequences were 
generally not associated with protrusion of the penis from the preputial 
sheath (Figure 4.9a). However, as courtship proceeded, the penis became 
progressively more protruded and erect. Throughout courtship the doe 
continued to exhibit characteristic displays of oestrus, including 
intense preening activity and, very occasionally, grooming of the buck's 
face, neck and shoulder. 
During courtship neighbouring bucks sometimes showed considerable 
interest from the other side of the boundary fence. This involved 
considerable fence-pacing and groaning activity. On these occasions, 
the courting buck was frequently distracted from mating and fights 
occurred between the two rivals (i.e. head to head clashes through the 
boundary fence). After each bout of fighting, the courting buck returned 
to the oestrous doe and resumed courtship, sometimes exhibiting 
aggression towards the doe (e.g. bunting the doe's flanks; Figure 4.8c) 
followed by mounting. Interference of courtship by a rival buck occurred 
twice during recorded mating sequences, apparently resulting in a 
prolonged courtship interval, an increased number of mounts and a 
generally lower mount rate than for other mating sequences (Figure 4.10). 
(iv) Copulation: The final copulatory mount (Figure 4.9b) was 
distinctly different from all other mounts. Following intromission the 
buck gave a violent pelvic thrust. with its hind legs leaving the ground 
(as has been frequently described for red deer; Guinness, Lincoln & 
Short, 1971; Clutton-Brock, Guinness & Albon, 1982; Veltman, 1985). The 
doe was generally propelled forward by the force of the thrust and, on 
two occasions, was observed to collapse momentarily beneath the buck. 
(v) Post-copulatory behaviour: Following copulation the buck and doe 
moved apart. The doe usually disassociated itself from herd-mates and 
stood motionless for between 5 and 120 minutes with its back arched and 
tail raised (Figure 4.9c), occasionally straining abdominal muscles and 
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passing clear mucus from the vulva. Some does frequently licked their 
vulval region during the post-copulatory period. The buck usually 
urinated immediately following copulation, sometimes groomed its penile 
region and seldom showed further interest in the doe. 
On only two occasions out of 4S observed matings {i.e. 4.4%} were 
does observed to continue exhibiting oestrus following copulation. In 
both cases copulation occurred twice within six hours. Therefore, 
behavioural oestrus was generally terminated at mating, between 5 and 
60 minutes from its onset {i.e. the time at which overt oestrus first 
became apparent}. The potential duration of oestrus was not 
investigated, as no attempt was made to prevent copulation. However, 
during the 1984 breeding season, one doe was observed to exhibit induced 
oestrus (Section 5.2) for at least eight hours, as the buck (G3), having 
already copulated with several does earlier in the day, repeatedly failed 
to attain a copulatory mount. The observation was discontinued due to 
the onset of darkness and the doe failed to conceive at the induced 
oestrus. 
The occurrence of specific behaviours of the buck and doe during 
observed mating sequences is summarised in Table 4.1. 
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Table 4.1 Number and percentage of observed mating sequences in which 
specific courtship (buck) and oestrous (doe) behaviour were 
observed at least once 
Buck behaviours 
sniffing doe 
licking doe's vulva 
flehmen 
grooming doe's face 
chin over shoulder stance 
bunting doe 
groaning 
fighting (other bucks) 
non-copulatory mount 
copulatory mount 
Doe behaviours 
self grooming (preening) 
grooming buck 
sniffing buck 
n ~ 
21 
17 
2 
7 
14 
13 
10 
2 
21 
21 
21 
8 
9 
100 
81.0 
9.5 
33.3 
66.7 
61.9 
47.6 
9.5 
100 
100 
100 
38.1 
42.9 
Group activity allocation of does: Four activities; grazing, resting, 
standing and walking; together accounted for >98% of al doe activity 
recorded during 15-30 minute interval observations. Other minor 
activities, therefore, do not warrant discussion. There were no 
significant (P>0.05, ANOVA) differences between mating groups in the 
overall allocation of activity. The four major activities all exhibited 
highly significant (P<O.OOl) circadian variation when analysed as three 
hour segments of the 24 hour period. This variation is clearly 
demonstrated in Figure 4.11 where the data are pooled within one hour 
segments in order to identify the circadian patterns. There were three 
distinct peaks of grazing activity; 0600-0700 h (dawn), 1600-1900 h (late 
afternoon and dusk) and 2200-2400 h (midnight). In contrast, resting 
activity was more prevalent during times of low grazing activity; in 
particular OYOO-1500 h (mid morning to mid afternoon), 1900-2100 hand 
0200-0600 (both periods during darkness). There was a single pronounced 
increase in both standing and walking activities between 0700 and 0900 h 
(early morning). During this period, the does (and buCk) congregated 
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Figure 4.12 Variation,throughout the mating season,in the daily 
allocation of primary activities of 60 fallow does. The 
six consecutive day groups each represent data pooled from 
three or four consecutive twenty four hour observation 
periods between 3 April and 11 May 1983. 
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within a corner of their paddock and either remained motionless or milled 
around, occasionally emitting soft bleating noises. 
The four major activities did not exhibit significant seasonal 
variation (P>O.l) although there were some apparent but minor changes in 
the proportion of activity allocation between day groups (Figure 4.12). 
For example, there was a slight decrease in grazing activity (-9~) during 
the mating period which was offset by slight increases ("",H) in resting 
activity. 
4.2.4 : Discussion 
Male and female reproductive behaviour during the breeding season 
are clearly interrelated, such that removal of one sex will modify the 
behaviour of the other. In the present study, no attempt was made to 
describe components of fallow deer oestrus in the absence of bucks and, 
under such circumstances, it is probable that does would exhibit oestrus 
in a modified form. Therefore, behavioural oestrus described in this 
section relates to both self-indulgent activity of does (e.g. preening) 
and specific responses to the sexual advances of the buck (i .e. 
receptivity) during mating sequences. Some behavioural components of 
oestrus were common to all or most of the recorded mating sequences and 
may be useful indicators of the event. 
The pre-oestrous behaviour exhibited by does up to 24 hours before 
the onset of overt oestrus has not been previously described for fallow 
deer. However, Ozoga & Verme (1975) demonstrated a marked increase in 
walking activity of white-tailed does within 24 to 48 hours of oestrus; 
this form of activity seemingly corresponding to the fence-pacing 
observed for fallow does. Ozoga & Verme argued that "proestrus" 
wanderings enhance a doe's chances of finding a mate during its brief 
period of receptivity. Furthermore, Bubenik (1985) claimed that both 
white-tailed deer and fallow deer exhibit a "female-dominated polygynous" 
mating strategy in which females may actually actively select prime 
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mating partners. The predisposition to wander immediately prior to the 
onset of oestrus may, in fact, represent the stage at which females 
select their breeding partners. Clearly, in the present study on fallow 
deer, mate selection was restricted by artificial boundaries (fences). 
However, by the onset of overt oestrus there was no apparent sign that 
does rejected their compulsory mates. 
Sexually active male red deer (Guinness, Lincoln & Short, 1971; 
Veltman, 1985), wapiti (Morrison, 1960a) and reindeer (Espmark, 1964) 
appear to detect impending oestrus in individual females up to 48 hours 
before its onset. In the case of red deer. this takes the form of 
frequent "sniff-approaches" and "short chases" ~ the stag between 22 and 
17 hours before mating (Veltman, 1985). However, increases in walking 
activity during the immediate pre-oestrous period have not been recorded 
or observed for females of these species and it is possible that their 
particular mating strategies, especially the "male dominated polygyny" 
(Bubenik, 198~) or harem system of red deer (Clutton-Brock, Guinness & 
Albon, 1982) and wapiti (Strushaker, 1967), preclude any requirement or 
possibility of pre-oestrus mate selection by females. 
The endocrinological basis behind pre-oestrous behaviour in fallow 
does is not altogether apparent from the studies on temporal hormone 
relationships around oestrus (Section 3.2) as the intensive blood 
sampling regimen did not extend far enough into the pre-oestrous period. 
In white-tailed deer, plasma oestradiol-17e levels were observed to 
increase three to four days before oestrus (Plotka et !l., 1980) and it 
is possible that this event is at least partly responsible for the 
increase in pre-oestrous walking activity observed in this species by 
Ozoga & Venne (197~). 
The overt oestrous behaviour of fallow does in the presence of a 
buck appeared to be composed of few distinctive elements. The fervent 
self-grooming or preening activity. exhibited by all does during 
recorded mating sequences, was the most readily identifiable trait of 
overt oestrus. This form of ~Qhaviour has been previously recorded in 
fallow deer by Cn'· cS not appear to be a feature of 
oestrous behav. 
1984; Veltman, 198~J 
(Guinness, Lincoln & Short, 1971; Cull, 
Iti (Morrison, 1960a). 
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Another obvious characteristic of fallow deer oestrus was 
receptivity of the doe towards the investigatory actions, mounts and even 
overt aggression of the buck. This manifested itself as "standing 
oestrus" and was in stark contrast to the avoidance behaviour exhibited 
by does during the pre-oestrous period. In other respects, oestrous 
behaviour of fallow does appeared to be more passive than for other 
cervid species. It is noteworthy that oestrous does were seldom observed 
to court the buck by mutual grooming. Furthermore, on no occasion was a 
doe observed to mount the buck, nor was there any sign of homosexual 
mounting by or of oestrous females. The apparent absence or rarity of 
these events in fallow deer contrasts with both red deer (Guinness, 
Lincoln & Short, 1971; Veltman, 1985) and wapiti (Morrison, 1960a) in 
which they are apparently all common occurrences. 
With few exceptions (4.4t of observed oestruses), copulation 
apparently resulted in the termination of behavioural oestrus in fal low 
does and the actual duration of overt oestrus was only 5 to 60 minutes, 
although there was an indication that the potential duration of overt 
oestrus is >8 hours in the absence of copulation. This is not in ful I 
accordance with studies on some other cervid species. Guinness, Lincoln 
& Short (1971) stated that red deer hinds may be mated four to five times 
during oestrus, which may be exhibited for up to 24 hours. Similarly, 
Veltman (1985) recorded 11 cases (28t of observed oestruses) in which red 
deer hinds were mated two or three times in one oestrus interval while 
Morrison (196Ua) likewise recorded 7 cases (19t of observed oestruses) in 
which wapiti cows experienced multiple copulations during an oestrus 
interval of up to 16 hours. However, reindeer cows, like fallow does, 
appear to copulate only once at each oestrous interval and thereafter 
oestrus is terminated (Espmark, 1964). This may also be the case with 
most red deer hinds and wapiti cows but multiple copulations and long 
oestrous intervals are clearly more common in these species. 
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The frequently long duration (up to 120 minutes) of the 
post-copulatory stance of fallow does (i.e. arched back and straining 
abdominal muscles) suggests that copulation may be a painful event for 
them and this could be the stimulus that terminates overt oestrus. A 
similar stance has been observed following copulation in red deer hinds 
(Guinness, Lincoln & Short, 1971; Veltman, 1985) and wapiti cows 
(Morrison, 196Ua). 
The courtship behaviour of fallow bucks involved specific responses 
to the presence of oestrous does, and was distinct from the general 
behaviour exhibited throughout the rutting season. In fact, the amount 
of time actively engaged in courtship of oestrous does was a very smal I 
fraction of the total rutting duration. This was apparent during the 
studies described in Section 4.1, in which nearly 100% of recorded 
primary activity of fallow bucks during the rut involved either 
maintenance (i .e. grazing, resting), investigatory (i.e. walking, 
olfactory investigation of does) or territory defence behaviours. This 
is not surprising as, within each mating group of 20 fallow does, oestrus 
would be exhibited only for a total of ~OO minutes (i.e. ~O minutes per 
doe) during either the 40 day study period (i.e. 0.7% of that time) or 
the 14 to 15 day mating period (i.e. 2.0%). 
The various components of courtship behaviour of fal low bucks, 
including grooming of the doe's vulval region and the characteristic 
chin-over-shoulder-stance, have been described also for other cervids 
such as red deer (Guinness, Lincoln & Short, 1971; Clutton-Brock, 
Guinness & Albon, 1982) and several North American deer species (de Vos, 
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Brokx & Geist, 1967). The most obvious feature of courtship in fallow 
deer was the frequent mounting of oestrous does by the buck. Although 
non-copulatory mounts are a common feature of mating sequences of other 
cervid species, fallow bucks in the present study exhibited a very high 
"mount-to-service-ratio" (after Bray & Kelly, 1979). The average ratio 
in fallow deer of -15 compares with ratios of four to six for red deer 
(Veltman, 1985), four for wapiti (Morrison, 1960a) and three to six for 
black-tailed deer (Kucera, 197H). However, the average interval from the 
first non-copulatory mount to copulation is similar for some of these 
species, being about 45 minutes for red deer (Veltman, 1985), seven 
minutes for wapiti (Morrison, 1960a) and 15 minutes for fallow deer 
(present study). It is therefore apparent that fallow bucks exhibit a 
higher mounting rate during courtship. High mount-to-service ratios in 
red deer have been associated with sexual exhaustion (Bray & Kelly, 1979; 
Moore, Cowie & Bray, 1985) although this has recently been contested by 
other workers (Veltman, 1985). High ratios in red deer are comparable 
with those observed during the present study on fallow deer. However, it 
is unlikely that this reflects sexual exhaustion in fallow bucks as 
courtship durations were not protracted. High mount-to-service ratios 
may be a normal feature of courtship in this species. 
The marked circadian variation in the allocation of various 
activities by fallow does during the period spanning the mating season 
has not previously been described in detail for this species. However, 
such changes in activity are not surprising in a species that is 
generally considered to be crepuscular with respect to grazing and other 
mobile activities (Chapman & Chapman, 197b; Jackson, 1977). In fact, the 
present data clearly show that, in addition to peaks of grazing activity 
at dawn and dusk, there was a marked increase in herd grazing activity at 
midnight. The pronounced increase in standing and walking activity 
during the early morning is of particular interest. While it is possible 
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that this was partly due to disturbance by staff arriving on the deer 
unit at the start of the working day, such behaviour also occurred during 
weekends when staff activity was minimal. It is more likely that this 
behaviour represents social activity as there was considerable 
interaction and vocal communication between individuals. Thus, such 
behaviour may have had a principle role in herd cohesion by reinforcement 
of social bonds. Whether this is a specific feature of the mating 
season, or a general feature throughout the year. has yet to be 
investigated. 
It is apparent from the data that the mating season had little 
influence on the daily allocation of major activities in groups of fallow 
does. This is in accordance with Rapley's (1985) study on wapiti cows. 
Nevertheless, there was a small decrease in grazing activity and increase 
in resting activity of fal low does during the mating period. While this 
is unlikely to be a reflection of oestrous activity because of lack of 
perfect oestrus synchrony and the short duration of oestrous behaviour, 
it may well be due to the intense rutting activity of the buck. For 
example. it is possible that. during this period. bucks exhibited a 
higher degree of overt aggression towards does that were standing (e.g. 
grazing). If such was the case, it would be reasonable to expect a 
reduction in grazing activity. However, the changes in daily activity 
allocation of does were not statistically significant. This clearly 
contrasts with the marked changes in daily primary activity allocation of 
sire bucks and explains why the "rut" is regarded essentially as a male 
event. It must be remembered. however, that the presence of oestrous 
does probably influences the intensity of rutting activity in bucks. 
SECTION FIVE 
MANIPULATION OF REPRODUCTION 
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5.1 Effect of date of buck introduction on the onset of oestrous 
activity in fallow does 
5.1.1 : Introduction 
Stimulation of ovarian and oestrous activity in anoestrous females 
by sudden introduction to males has been reported for both sheep 
(Schinckel, 1954a, 1954b; Edgar & Bilkey, 1963) and goats (Shelton, 1960; 
Ott, Nelson & Hixon, 1980) and is frequently tenned the "ram effect" in 
sheep and the IIbuck effect" in goats. Such stimulation in ewes only 
occurs following an obligatory period of separation of the sexes (Oldham, 
1980) and initially results in silent ovulation followed by synchronised 
oestrus (Knight, 1983). In sheep this phenomenon is mediated by 
unidentified pheromones (Morgan, Arnold & Lindsay, 1972) which are 
present in the wool wax of rams (Knight & Lynch, 1980a, 1980b; Knight, 
Tervit & Lynch, 1983), and appear to be produced under the influence of 
androgens (Lishman, de Lange & Fi I ijoeu, 1969; Croker et 2l., 1982) and 
oestrogens (Fulkerson, Adams & Gherardi, 1981). These pheromones rapidly 
elicit physiological effects within the female. Martin, Oldham & Lindsay 
(1980) found that the concentration of luteinizing hormone (LH) in 
anoestrous Merino ewes increased from basal levels «1 ng/ml) to 
2-22 ng/mt within ten minutes of ram introduction. This also has been 
observed in Romney ewes (Knight, Peterson & Payne, 1978). 
Pheromones are substances which are secreted externally by an 
individual and are received by other individuals of the same species in 
which they elicit specific behavioural and/or physiological reactions 
(Perry, 1982). They have been divided traditionally into one of two 
classes; (1) "signalling" pheromones, which initiate a specific 
behavioural response (e.g. male or female sex attractant, aggression 
inducer or inhibitor) and (2) "priming" pheromones which bring about a 
developmental or physiological change (e.g. oestrous inducer or 
inhibitor, oestrous cycle length synchroniser); after Bronson (1968). 
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The effects of the "primeru pheromones in mammalian species of 
agricultural importance have significance with regard to reproductive 
management. For example, although the androgenic secretions of the 
submaxillary gland of boars simply elicit behavioural responses (i .e. 
"signalling" pheromones) in sows (Melrose, Reed & Patterson. 1971), there 
is evidence for the existence of a porcine male uprimer" pheromone which 
can induce earlier attainment of gilt puberty (Brooks & Cole, 1970; 
Kirkwood & Hughes, 1979; Paterson & Lindsay. 1980) and can reduce the 
post-partum anoestrous period (Rowlinson & Bryant, 1981). Similarly, the 
uram effect" in sheep has been capitalised upon in order to instigate 
earlier lambing and a higher degree of synchrony of lambing (Knight, 
1983). 
For cervid species, "signalling" pheromones and their behavioural 
effects have been well documented for black-tailed deer (Brownlee et ~., 
1969; Muller-Schwurze, Kallqvist & Mossing, 1979). Furthermore, 
numerous volatile compounds from the tail glands of red deer stags have 
been identified (Bakke & Figenschou, 1983). However, the effects of 
putative male "priming" pheromones on the ovarian and oestrous activity 
of female cervids have received little attention, although Moore (1985) 
has described a trial in which a vasectomised red deer stag was 
introduced to hinds prior to the introduction of fertile stags two weeks 
later. These "teased" hinds calved, on average, five to six days earlier 
than IInon-teased" hinds, suggesting the possible existence of a "stag 
effect" • 
Similar studies have not been attempted previously with fallow deer. 
However, Kennaugh, Chapman & Chapman (1977) have suggested that the most 
likely function of the fallow buck's pungent rut odour is that of a 
pheromone which stimulates reproduction in does and synchronises the 
occurrence of oestrus. 
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The present trial examines the effect of different pre-rut dates of 
buck introduction to groups of fallow does on the onset of oestrous and 
ovulatory activity. 
5.1.2 : Materials and Methods 
Livestock and management: A total of 42 fallow does and their fawns were 
grazed as a single group from 15 January to 12 March 1984. During this 
time they were maintained at a distance of at least 200 metres from any 
adult bucks (>12 months old). On 12 March the fawns were weaned and each 
doe was allocated to one of three mating groups (14 does/group) so that 
the groups were balanced for age of doe and farm of origin (Table 5.1). 
The mean (±sd) liveweights for the three mating groups on 12 March were 
41.8(±5.3), 41.6(±5.0) and 41.6{±4.9) kg respectively. They were grazed 
on the eastern boundary of the deer unit, in separate paddocks which had 
a minimum distance of 75 metres between them (i.e. paddocks 59,63 and 
67; Figure 1.3, Section 1.3.1). All adult bucks. apart from individual 
sires introduced into the mating groups at various predetermined times 
before the rut, were maintained within paddocks on the western boundary 
of the deer unit during the 1984 breeding season. 
Single crayon-harnessed. 27-month-old bucks were sequentially 
introduced into each group at ten day intervals. Buck G10 was introduced 
into Group 1 on 15 March. Buck G6 into Group on 25 March and Buck G15 
into Group 3 on 4 April. Buck G6 was vasectomised and remained with 
Group 2 does for the entire duration of the breeding season (Group 2: 
Section 3.1). The other two bucks were fertile and remained with their 
respective mating groups until 9 May (following the last recorded first 
oestrus). Thereafter, Group 1 and 3 does were grazed together with does 
from other completed trials (Sections 5.2 and 5.3) and a single, 
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crayon-harnessed buck (Or6). The buck was removed on 30 MaYt fol lowing 
the last recorded return-to-service at the second oestrus. 
Table 5.1 	 Age and farm of orlgln of the 14 fallow does in each of the 
three mating groups joined with sire bucks on different 
pre-rut dates in 1984 (Groups It 2 and 3). 
Farm of origin 15 
Doe age in March 1984 (months) 
27 39 51+ Total 
KFF 1 3 2 o 6 
IARC o 2 1 5 8 
Total 	 1 5 3 5 14 
Oestrous detection: Visual observations of the does to detect crayon 
mating marks (Section 1.3.3) were conducted at least twice dailYt from a 
stationary vehicle t using a mounted telescope (20x). 
Blood sampling: The does were yarded and blood sampled (Section 1.3.1) 
approximately every three days from 12 March to 9 May. Group 2 does were 
further blood sampled every three days until 10 October for another trial 
(Section 3.1). Mating groups were mustered from, and returned to, their 
respective paddocks in sequence following the removal of all non-sire 
bucks from the general vicinity of the handling facility. 
Progesterone analyses: A total of 80U serum samples were analysed for 
levels of progesterone (Section 1.3.4) in seven assays. 
Statistical analyses: Differences in the mean dates of first oestrus 
between each mating group were tested with Students' two-tailed t-test. 
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5.1.3 : Results 
Occurrence of first oestrus: Evidence of first oestrus was observed for 
all 42 fallow does in the trial (Groups 1, 2 and 3). The mean dates of 
first oestrus for each Group are presented in Table 5.2 and the actual 
numbers of does observed in oestrus on each day of the trial are 
presented in Figure 5.1. 
The two most divergent mean dates of first oestrus (Groups 1 and 2) 
were not significantly different (P=O.I) and the mean dates between the 
three mating groups did not show a sequential trend. 
Table 5.2 	 The mean date of first oestrus of 14 fallow does joined with 
sire bucks at different dates. 
Date of buck Mean date sd 
i ntroduct i on of first (days) 
oestrus 
Group 1 . 15 March 28.1 April 4.1 
Group 2 25 March 23.8 Apri 1 3.1 
Group 3 4 Apri 1 25.7 Apr; I 3.6 
Total 25.9 Ap r; 1 4.0 
Progesterone profiles: The mean serum progesterone levels of the does 
within each of the three mating groups are presented in relation to blood 
sampling date in Figure 5.1. There were no indications of synchronous 
elevations of serum progesterone levels within each mating group 
following buck introduction. Mean serum progesterone levels for all 
mating groups increased during and fol lowing the period of first oestrus. 
When serum progesterone levels were approximately standardised about 
the sampling date closest to oestrus (Figure 5.2), the mean profiles of 
the three mating groups were very similar. Each showed a single 
pronounced elevation before oestrus, followed by a decline at oestrus and 
rapidly increasing levels thereafter. None of the mean serum 
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Fi gure 5.1 	 The number of fallow does observed in oestrus each day (bar
graph) and profiles of mean (±sem) serum progesterone levels 
(0 0), recorded throughout autumn, for does in the three 
mating groups (n=14 per group) joined with fertile bucks on 
different pre-rut dates in 1984. Arrows indicate the date 
when the buck was introduced to a mating group. 
Fi gure 5.2 
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approximate days from oestrus 
Profiles of mean (±sem) serum progesterone levels, 
standardised about the sampling date closest to the day of 
oestrus, of fallow does in the three mating groups (n=14 per 
group) joined with fertile bucks at different pre-rut dates 
in 1984. 
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progesterone profiles indicated the presence of other earlier elevations 
although some profiles from individual does within each mating group had 
more than one pronounced (>1 ng/ml) rise in serum progesterone levels 
before oestrus. 
5.1.4 : Discussion 
In the present study on fallow deer, bucks were introduced to does 
at sequential intervals towards the end of the anoestrous period 
following at least 60 days of separation of the sexes. The data 
presented indicate that there was no effect of time of buck introduction 
on either the onset of oestrus or the onset of silent ovulations. 
Although there were slight, but not significant, differences in mean 
dates of first oestrus between mating groups, the trend of these dates 
was different to what might be expected if "primer" pheromones were 
influential on female cyclity. Furthermore, there was no indication of 
ovulatory activity immediately following buck introduction in any of the 
mating groups, as mean serum progesterone levels of individual mating 
groups and serum progesterone levels of individual does were not elevated 
until immediately prior to first oestrus. Some does in each mating group 
clearly had more the one progesterone elevation (i.e. >1 ng/ml) in 
succession. and these are presumed to indicate the occurrence of 
transient corpora lutea following successive silent ovulations (Section 
3.1), but in all cases these occurred at least one week after buck 
introduction. 
It is, therefore, tempting to conclude that the presence of the 
fallow buck prior to the rut does not stimulate or synchronise first 
oestrus of the does. This would imply that pheromones from bucks are not 
influential on the breeding season of does. 
However, there are three major considerations with respect to the 
trial protocol. First, the volatile nature of pheromones could have 
allowed does to detect them in the air prior to buck introduction. Since 
212 
the Ruakura deer unit is sited on flat land and is only -800 metres 
across at the widest point, it is possible that complete pheromonal, 
visual and auditory separation of bucks and does was not achieved, in 
spite of the distances involved. Ewes continuously exposed to rams adapt 
to their presence and have a level of anoestrus simi lar to that of 
isolated ewes (Riches & Watson, 1954; Lishman, 1969), and a similar 
phenomenon may have occurred in the present case. 
Secondly, it is possible that pheromones from mature red deer stags 
that were present continuously on the Ruakura deer unit and, in some 
cases, were quite close «100 metres) to the does during the isolation 
period, also had the effect of preventing sensitisation of does to the 
sudden presence of buck pheromones. Such between-species pheromonal 
effects have been demonstrated for sheep and goats (Knight, Tervit & 
Lynch, 1983). 
Thirdly, the present study did not compare the onset of ovulatory 
and oestrous activity in groups of does run continuously in the absence 
of bucks. It is possible that a seasonally timed release of pheromones 
from bucks determines the onset of the natural rut by stimulating silent 
ovulations in early to mid April (Section 3.1), or is influential in 
converting these silent ovulations into ovulations associated with overt 
oestrus and corpora lutea of normal longevity in late April to early May. 
In this case, it is not the time of buck introduction that would be 
important, but rather the presence of the buck at a critical time. One 
would speculate, therefore, that the complete absence of a buck during 
the normal rut period may result in prolonged or continual anoestrus. 
Unfortunately, this hypothesis would be difficult to test as present 
methodology requires a buck to establish the occurrence of oestrus. 
The seasonal presence and absence of buck pheromones is perhaps 
indicated by the characteristic rutting odour of bucks, which was 
apparent only from about mid April (subjective assessment, but agrees 
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with the findings of Kennaugh, Chapman & Chapman, 1977) when sire bucks 
were actively establishing territorial rut boundaries (Section 4.1). 
This corresponds to the time when does naturally gather about territories 
occupied by bucks (Chapman & Chapman, 1975) and is later than the dates 
of buck introduction in this study. Therefore, a "buck effect" may exist 
in fallow deer but is strictly limited by seasonal influences. 
Furthermore, there is the possibility that does within a herd synchronise 
and stimulate the onset of their own oestrous cyclicity. This is 
discussed in the following section. 
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5.2 Induction of fertile oestrus in fallow does by using exogenous 
progesterone and pregnant mare serum gonadotrophin treatment 
5.2.1 : Introduction 
Numerous studies during the last 30 years have investigated 
techniques for controlling the onset and synchrony of sheep reproduction 
using exogenous hormonal therapy. The early trials of Q'Mary, Pope & 
Casida (1950) showed that daily injections or progesterone inhibited 
ovulation in ewes until 2 to 4 days after the cessation of treatment. 
Furthermore, Robinson and co-workers (Robinson, 1954b, 1954c; Robinson, 
Moore & Binet, 1956; Moore & Robinson, 1957a, 1957b) demonstrated that a 
period of progesterone influence was necessary for a normal oestrous 
response in ewes. These early studies led to the establishment of a 
technique for artificially controlling the time of oestrus and ovulation 
in ewes during the breeding season. Originally it involved the use of a 
polyurethane sponge containing progesterone, or one of its analogues, 
that was inserted into the ewe's vagina for 12 to 16 days (Robinson, 
1965). The intravaginal sponge acted as an artificial corpus luteum and 
the progestagen it released either prolonged an existing oestrous cycle 
or substituted for a non-existing one, preventing ovulation and 
conditioning the central nervous system to respond to the sudden 
withdrawal of progestagen at sponge removal. In recent years, 
intravaginal progestagen-releasing devices have been modified and 
improved in terms of ease of application, retention and delivery of 
exogenous progestagen. 
However, major prerequisites for successful control of reproduction 
with exogenous progestagen therapy are, either sufficient stimulation of 
the hypothalamic-pituitary axis to induce oestrus and ovulation following 
progestagen withdrawal (i.e. as occurs during the natural breeding season 
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due to decreasing daily photoperiod), or the additional subsequent 
administration of a suitable gonadotrophin. Induction of fertile oestrus 
in seasonally anoestrous ewes has been achieved by administering pregnant 
mare serum gonadotrophin (PMSG) following progestagen treatment (Dutt, 
1953; Robinson, 1954a; Moore & Holst, 1967; Robinson & Smith, 1967), 
although conception rates following such treatment during the anoestrous 
season were often lower than in ewes similarly treated during the natural 
breeding season or mated at natural (i.e. spontaneous) oestrus (Gordon, 
1963; Hulet & Foote, 1967; Betts, Newton & Denehy, 1969; Laster & Glimp, 
1974; Echternkamp & Lunstra, 1978). 
PMSG is a high-potency extrapituitary gonadotrophin, produced by the 
endometrial cups in the horse, that possesses activities normally 
associated with both follicle stimulating hormone (FSH) and luteinizing 
hormone (LH) of the pituitary gland (Licht et ~., 1983). The effect of 
large doses of PMSG in induciny multiple ovulations (i.e. superovulation) 
in sheep has been well documented and PMSG has been used to increase 
litter size (Wallace, Lambourne & Sinclair 1954; Bindon, Chiang & Turner 
1971) or provide numerous embryos from genetically superior donor ewes 
for transfer into recipient ewes (Moore & Shelton, 1964; review by 
Betteridge, 1977). 
Control of oestrus and ovulation using progestagen and subsequent 
PMSG treatment is now commonly used on other species of livestock for 
purposes such as oestrous (and hence, birth) synchronisation, 
out-of-season breeding and superovulation. The technique has been used 
for the induction of fertile oestrus in red deer (Kelly et ~., 1982; 
Adam, 1982, 1983; Fisher & Fennessy, 1985) but has not been used 
previously on fallow deer. 
In the present study, fallow does were treated with progesterone and 
PMSG in an attempt to induce fertile oestrus and conception up to three 
weeks before the onset of the natural breeding season. 
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5.2.2 : Mater;als and Methods 
Livestock and management: A total of 28 mature fallow does had their 
fawns weaned on 12 March 1984. They were weighed and each allocated to 
one of two mating groups (14 does per group) so that the groups were 
balanced for ages of does and farms of origin (Table 5.3). The mean 
(±sd) liveweight for these two mating groups (Groups 4 and 5) on 12 March 
was 41.6(±4.0) and 41.8(±3.5) kg respectively. 
The two mating groups were grazed in adjacent paddocks near the 
observation tower. Single, crayon-harnessed 39-month-old bucks (G3 and 
G4) were introduced into each mating group on 25 March and remained with 
the does until 3 May, whereupon the two mating groups were grazed 
together with a single buck (Or6) until 30 May. 
Table 5.3 : 	Age and farm of origin of the 14 fallow does in each of the 
two mating groups (Groups 4 and 5) 
Doe age in March 1984 (months) 

Farm of origin 27 39 51+ Total 

Kemba Fallow Farms 6 1 o 7 

IARe 2 1 4 7 

Total 	 8 2 4 14 
Treatments: On 15 March, 14 does in Group 4 and 7 does in Group 5 
(Table 5.4) each received an intravaginal progesterone-CIDR (refer to 
Section 3.2.2 for details of the device). The remaining 7 does in Group 
5 received no hormonal treatments throughout the trial. On 29 March, 
CIDRs were removed and the 14 does in Group 4 received an i.m. injection 
of 500 i.u. PMSG (Folligoh; Intervet, Arturmon. Australia). The 7 
progesterone-treated does in Group 5 likewise received 500 i.u. (n=6) or 
1000 i.u. (n=l) PMSG (Table 5.4). 
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Table 5.4 : Summary of treatments imposed on fallow does in Groups 4 
and 5 
Does treated with Untreated does Total 
CIORs and PMSG 
Group 4 14 0 14 
71 72Group 5 14 
Total 21 7 28 
1 one doe treated with double dose of PMSG
2 one doe died on 19 April 

Oestrous detection : Visual observations of the does to detect oestrous 
behaviour and crayon mating marks (Section 1.3.3) were conducted 
continuously from the observation tower throughout daylight hours from 
30 March to 2 April inclusive. Thereafter, observations were conducted 
at least twice daily while bucks were present with does. 
Laparoscopy : All 28 does had their ovaries examined by laparoscopy on 
10 April, 12 days folowing CIOR removal from treated does. A 10 mm 
(diameter) laparoscope with a 180 degree visual field, an 11 mm 
trocar-cannula and a fiber-optic light projector were used. Anaesthesia 
was induced by an i.m. injection of a ketamine/xylazine mixture (Section 
1.3.3). The anaesthetised doe was placed on a tilting trolley (sheep 
laparoscopy trolley; manufactured at RARS) with the hindquarters elevated 
and the abdominal cavity was insufflated with 2 to 3 litres CO2 gas. 
This procedure established a pneumoperitoneum and facilitated the viewing 
of the reproductive tract. Following laparoscope insertion via a 
mid-ventral puncture with the trocar-cannula, 15 cm anterior of the 
mammary gland, the ovaries were located by lifting the reproductive tract 
with a probe inserted through a second ventral puncture site, 10 cm 
lateral to the first site. 
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Both ovaries were examined individually and the numbers of corpora 
lutea (solid round structures between 8 and 10 mm diameter with rupture 
sites) and luteinized follicles (solid round structures between 3-5 mm 
diameter without rupture sites) were recorded. Following examination, 
the puncture sites were treated with a topical antibiotic powder 
(Aureomycin; Cyanamid NZ Ltd, Auckland) an i.m. injection of antibiotic 
was administered (10 ml Propen LA; Glaxo NZ Ltd, Auckland) and the doe 
was left in a darkened room to recover from the anaesthesia. 
Blood sampling: From 12 March to 3 Mayall does were yarded and blood 
sampled (Section 1.3.3) every three days. 
Progesterone analyses : A total of 420 serum samples were analysed for 
levels of progesterone (Section 1.3.4) in seven assays. Many of the 
determinations were repeated using a lower volume (0.1 ml) of serum 
because high levels of progesterone «10 ng/ml) were frequently beyond 
the useful range of the standard curve when the normal volume of serum 
(0.2 ml) was used. 
Statistical analyses: Differences between mean dates of oestrus and 
between mean serum progesterone levels on anyone day were tested with 
Student's t-test. The relationship between the number or mass of luteal 
structures and oestrous cycle length or serum progesterone levels was 
investigated by Pearson's correlation coefficient (r). Variation about 
the mean is indicated in the text by the standard deviation unless 
otherwise indicated. 
5.2.3 : Results 
Occurrence of first oestrus: Induced oestrus was observed for 20/21 
(95.2~) of the treated does approximately three weeks earlier than the 
first oestrus of control does and occurred between 48 and 76 hours 
following CIDR removal and PMSG administration (mean interval±sd = 
219 
58.2±11.2 h). There was no significant difference (P>O.l) in the mean 
time to the onset of oestrus between does having single (59.1 ±l1.1 h; 
n=8) and multiple (57.6±11.7 h; n=12) ovulations. The mean date of 
induced oestrus of the treated does was 31.3 March (iO.45 days). 
First oestrus was observed for 6/6 (100~) of surviving untreated 
(control) does (one died prior to the onset of oestrus). The mean date 
of oestrus was 20.0 April (±3.0 days). There was no overlap of first 
oestrus between treated and control does (Figure 5.3), however, the mean 
date of first oestrus of control does was significantly (P<0.05) earlier 
than that of 42 untreated does (mean = 25.9 April ±4.0 days) in a separate 
but concurrent trial (Section 5.1). 
Ovulati rate: The ovulation rate (i .e. the number of corpora lutea) of -"--~-':::---'---'---'--'-
each doe was determined on 10 April, following induced oestrus of treated 
does but prior to natural first oestrus of control does. The data are 
summarised in Table 5.5. 
Table 5.5 : 	Numbers of fallow does with corpora lutea on 10 April and the 
mean ovulation rate per doe after progesterone and PMSG 
treatment prior to the breeding season 
Number of corpora lutea Mean ovulation 
(ovulation rate) rate (±Sd) 
o 1 2 3 4 
Treated does 
(n=21) 8 9 1 2 1. 76 (±l.OO) 
Control 
(n=7) 
does 
o o o o 1.00 (iO.OO) 
1 doe treated with double PMSG dose 
2 one control doe died nine days after laparoscopy 
In treated does, the ovulation rate was clearly variable (0-4 
ovulations). The treated doe that was not observed to exhibit induced 
oestrus did have a single corpus luteum and was observed in oestrus 
later, on 23 April. All of the seven control does showed evidence of a 
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Figure 5.3 	 Profiles of mean (±sem) serum progesterone levels of fallow 
does. recorded prior to and during the early phase of the 
breeding season. Occurrence of oestrus is displayed as 
vertical bar graphs. the period of treatment with 
intravaginal CIDRs is indicated by a horizontal bar and the 
date of laparoscopy is indicated by arrows. 
(a) Does with either one (n=8; 0 0) or )2 (n=9; 
• .) corpora lutea and failed to conceive at 
induced oestrus. 
(b) 	Does with )2 corpora lutea and conceived at or near 
induced oestrus (n=3)(c) Control does (n=6) 
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recent single ovulation, although none were observed to exhibit first 
oestrus until 7 to 15 days after laparoscopy. 
In addition to corpora lutea, a variable number of luteinized 
follicles was observed in the ovaries of treated does (Table 5.6). 
Table 5.6 : 	Numbers of fallow does with luteinized follicles following 
progesterone plus PMSG treatment prior to the breeding season 
Number of luteinized follicles 
o 1 2 3 4 5+ 
Treated does (n=21) o 	 1 5 3 
o o 	 o o oControl does (n=7) 
1 includes the doe treated with double PMSG dose 
2 one control doe died nine days after laparoscopy 
The doe treated with 1000 i.u. PMSG (double dose) failed to ovulate 
but its ovaries contained a total of 15 luteinized follicles. There was 
a significant negative correlation between the number of corpora lutea 
and the number of luteinized follicles (r=-0.47; P<0.05), a significant 
positive correlation between the dose PMSG/kg liveweight (29 March) and 
the number of luteinized follicles (r=0.79; P<O.OOl), but a significant 
negative correlation between the dose rate and ovulation rate (r=-0.46; 
P<0.05). 
Conception rate: Of the 20 treated does observed in oestrus on 31 March 
or 1 April (Figure 5.3), only two (W29 and W88; Groups 4 and 5 
respectively) apparently conceived at that mating and another (Wl15; 
Group 4) apparently conceived at a following oestrus (when it had a 
double ovulation) eight days later on 9 April. This was the only doe 
that showed evidence of a short oestrous cycle following induced oestrus. 
All of these three does (W29, was, Wl15) conceived at a multiple 
ovulation (2, 4, 2; respectively). Doe W29 gave birth to a single viable 
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(3.1 kg) male fawn on 28 November (242 days gestation), doe W88 gave 
birth to non-viable «1.4 kg each) twin female fawns on 9 November (223 
days gestation) and doe Wl15 aborted twin male foetuses on 10 September 
(presumably 155 days gestation). 
Of the 17 remaining treated does that had an induced oestrous but 
failed to conceive, a total of 16 were observed to exhibit second oestrus 
21 to 27 days later (Figure 5.3). The mean length of the observed 
oestrous cycle of these treated does (23.6±1.8 days) was significantly 
(P<O.05) larger than the mean length of the first oestrous cycle 
(21.0±O.64 days) observed for untreated does recorded in a separate trial 
described in this thesis (Section 3.1). The mean length of the oestrous 
cycle was longer in the case of does with multiple corpora lutea 
(24.2±1.9 days; n=9) than those with a single corpus luteum (22.7ti.2 
days; n=6), although this difference was not significant (P>O.l). 
likewise, the regression of the number of corpora lutea on oestrous cycle 
length showed a non-significant correlation (r;0.38; P>O.l). However, 
the regression of relative luteal mass, calculated as the sum of the 
number of corpora lutea plus 0.25 x number of luteinized follicles (this 
factor being estimated by visual assessment as the size of luteinized 
follicles relative to corpora luteal, on oestrous cycle length showed a 
significant positive correlation (r=0.62; P<O.Ol). 
Progesterone profile: The mean serum progesterone profiles of eight 
single and nine multiple ovulating treated does that returned to service 
following induced oestrus are presented in Figure 5.3(a). The elevation 
of serum progesterone levels during CIOR insertion was virtually 
identical for all does and was similar to that reported previously 
(Section 3.2), although the insertion period was five days longer in the 
present trial. 
Mean serum progesterone levels during the oestrous cycle following 
induced oestrus were higher for does having two or more corpora lutea 
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than does with just one corpus luteum. The difference between mean 
levels on any sampling date was not significant (P>O.l). However, there 
was a significant correlation (r=0.57; P<0.05) between the number of 
corpora lutea and individual mean mid-cycle serum progesterone levels 
(i.e. mean levels from serum samples collected on 9 Apri I to 19 Apr; I 
inclusive; n=4). 
The serum progesterone profile of the doe that received 1000 i.u. 
PMSG and failed to ovulate was similar to that of does with a single 
corpus luteum. Presumably progesterone in this doe was secreted by the 
15 luteinized follicles in its ovaries. This doe had an oestrous cycle 
length of 25 days. 
The mean serum progesterone profile of the three does that conceived 
at, or close to, the induced oestrus is presented in Figure 5.3(b). All 
three does had multiple corpora lutea and, even though one doe (W11~) 
ovulated twice in eight days, it appeared to have ovulated two follicles 
each time (two regressed corpora lutea were observed at laparoscopy in 
addition to two recently formed corpora lutea). Peak mean serum 
progesterone levels were slightly higher than mean mid-cycle levels of 
non-conceiving multiple-ovulating does, however, high levels were 
maintained at the end of the blood sampling period. 
The mean serum progesterone profile of the six surviving control 
does (Figure 5.3(c)) clearly shows a low level of progesterone secretion 
until after the first (spontaneous) oestruses in mid to late April. 
5.2.4 : Discussion 
This trial has demonstrated that fertile oestrus can be induced in 
fallow does, three weeks before the natural rut, using exogenous 
progesterone plus PMSG treatment. 
Although CIDRs were inserted before there was any evidence of 
ovulatory activity in the treated does, as indicated by low «1.0 ng ml) 
serum progesterone levels, they were removed 14 days later at about the 
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time that spontaneous, silent ovulations would have been starting to 
occur in untreated does (Section 3.1). Therefore, the artificial 
induction of oestrus achieved here possibly occurred during a period of 
transition from anoestrus to oestrus rather than during deep anoestrum. 
The present trial did not examine whether the sudden withdrawal of 
exogenous progesterone on its own (i.e. not accompanied by PMSG 
treatment) would be sufficient to induce a fertile oestrus three weeks 
before the natural rut. However, it can be argued that since regression 
of transient corpora lutea during the early pre-rut period does not 
produce overt oestrous behaviour, then progestagen withdrawal on its own 
would be no more successful. On the other hand, the magnitude of serum 
progesterone levels derived from transient corpora lutea appears to be 
considerably lower than that derived from CIDRs, so the two situations 
are not entirely comparable. Therefore, utilisation of a group of does 
treated with CIDRs only would have been a useful adjunct to this trial. 
Serum levels of progesterone in does given exogenous progesterone 
via CIDRs were of similar magnitude to levels recorded during the late 
luteal phase of the normal oestrous cycle of fallow does (Section 3.1). 
As these artificially produced levels were maintained for the whole 14 
days, the intravaginal devices appear to be perfectly suitable for 
simulating or prolonging an oestrous cycle in fallow does. Furthermore, 
the retention rate of CIDRs in this and other trials involving fallow 
does (i.e. Sections 3.2 and 5.3) was very high (40/41; 97.6~) as it is in 
red deer (Fisher & Fennessy, 1985), a species in which the retention rate 
of polyurethane intravaginal sponges has been low (Kelly et ~., 1982). 
Following treatment with PMSG, 20 does (out of 21) were observed to 
exhibit oestrus between 48 and 76 hours after CIDR removal (mean±Sd = 
58.2±11.2 h). Thus, oestrus was synchronised over a 28 hour period. 
While this is clearly a far greater degree of oestrous synchrony than was 
recorded for first oestrus of the control does (i.e. nine days) or for 
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untreated does in other trials (12 to 14 days; Sections 3.1 and 5.1), 
CIOR removal during the breeding season, when spontaneous oestruses can 
occur, gives an even greater degree of synchrony. For instance, oestrus 
occurred within an eight hour period (between 48 and 56 hours; mean ±Sd 
= 51.8±3.6 h) following CIOR removal on 25 April for six does in another 
trial (Section 3.2). In ewes, the mean interval to induction of oestrus 
following similar treatment also occurs earlier and is more synchronised 
during the breeding season than during the non-breeding season (Holst, 
1969; Robinson, 1971; Smith, 1977). According to Smith (1977) this may 
reflect seasonal changes in sensitivity to oestrogens. 
Treatment of fallow does with 500 i.u. PMSG clearly resulted in 
variable ovulation rates, as has been observed following the 
administration of similar or higher PMSG dose levels to red deer hinds 
(Kelly et ~., 1982; Adam, 1982, 1983; Adam, Moir & Atkinson, 1985; 
Fisher & Fennessy, 1985). However, while there appeared to be a positive 
relationship between PMSG dosage rate (i.e. per kg liveweight) and the 
number of antral follicles eventually recruited within the ovaries (as 
indicated by the total number of luteinized structures present at 
laparoscopy), this was not reflected in ovulation rate. In fallow deer 
in this study, non-ovulating follicles that ultimately became luteinized, 
progesterone-secreting structures appeared to be more prevalent at higher 
PMSG dosage rates, apparently to the detriment of ovulation rate. This 
was further exemplified by the fact that the doe receiving 1000 i.u. PMSG 
(i.e. double dose) failed to ovulate but produced 15 luteinized 
follicles. A similar phenomenon of non-ovulatory follicle development 
has been observed following adminstration of superovulatory doses of PMSG 
to Angora goats (Armstrong et !l., 1982, 1983a, 1983b). Clearly, the 
results in fallow deer have important implications for intentional 
superovulation programmes (e.g. embryo transfer studies). In such cases, 
administration of other gonadotrophins (e.g. purified FSH preparations) 
may provide more reliable ovulation rates and reduce the incidence of 
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non-ovulatory follicles, as observed for Angora goats (Armstrong ~~., 
1983a, 1983b). 
As has been observed in superovulated red deer (Kelly ~~., 1982) 
and cattle (Lamond & Gaddy, 1972; Lemon & Saumande, 1972; Saumande, 
1980), fallow does with multip~e corpora lutea had higher serum 
progesterone levels than does with a single corpus luteum, which is 
further evidence that luteal tissue is the major source of progesterone 
during the breeding season. Lengths of the oestrous cycles tended to be 
greater in the presence of multiple corpora lutea than when there was a 
single corpus luteum, and tended to be positively related to relative 
luteal mass (corpora lutea plus luteinized follicles). This may be in 
part due to an increase in the length of the luteolytic phase in the 
presence of more than one progesterone-secreting structure, although more 
in-depth investigations are required to support this. 
Apart from one doe that apparently exhibited a short oestrous cycle 
following induced oestrus, there was no further evidence of premature 
regression of luteal tissue and the subsequent oestruses coincided 
approximately with the period of first oestrus of untreated does in 
concurrent trials (Section 5.1). If oestrus had been induced earlier, it 
is conceivable that there would have been a higher incidence of premature 
luteal regression and the fallow does could have been more liKely to 
revert to an anoestrous-anovular state, as in the case of red deer (Adam, 
1983; Adam, Moir & AtKinson, 1985). Therefore if it is intended that 
artificial induction of oestrus and ovulation is to lead to an earlier 
than normal season of births, then conception must occur at the induced 
oestrus, as it is unlikely that a spontaneous second ovulation will occur 
prior to the breeding season if this procedure is attempted too early. 
In the present study, only two does conceived at the induced oestrus 
(with a further doe conceiving following a short oestrous cycle). 
Likewise, poor conception rates have been reported for induced red deer 
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hinds {Kelly et ~., 1982; Adams, Moir & Atkinson, 1985} and are a common 
outcome for sheep treated with progestagens during the breeding season 
(Robinson, 1976) and a prominent feature of sheep treated with 
progestogens plus PMSG during anoestrous (Gordon, 1963; Hulet & Foote, 
1967; Betts, Newton & Denehy, 1969; Laster & Glimp, 1974). This 
reduction of conception rates has variously been attributed to; 
impairment of fertilisation (Moore et al., 1967; Allison & Robinson, 
--
1970) due to an endocrine imbalance which alters sperm transport through 
the cervix (Allison & Robinson, 1972; Croker, Robinson & Shelton, 1975) 
or uterus (Hawk & Echternkamp, 1973), the short interval from onset of 
oestrus to ovulation in ewes induced out-of-season (Echternkamp & 
Lunstra, 1978), and abnormal development of oocytes under PMSG influence 
(Moor, Osborn & Crosby, 1985). 
Two further factors need to be considered in relation to fallow 
deer. First, the occurrence of a highly synchronised oestrus is likely 
to result in oestrous behaviour in two or more does simultaneously and it 
is possible that bucks are not capable of copulation in rapid succession. 
For example, one of the bucks (G3) failed to copulate with a particular 
doe during an eight hour courtship period after having mated several does 
earlier in the day. However, for 20 induced oestruses. 12 actual matings 
(i.e. copulations) were observed over a 24 hour period. therefore, low 
mating rates cannot completely account for the poor conception rates 
observed in this study. It is interesting to note, that bucks did not 
emit characteristic rutting vocalisations during the period when oestrus 
was induced although they showed such rutting activity at the return 
oestrus. 
Secondly, no attempt was made to advance seasonal reproductive 
competence of the sire bucks. As fallow bucks themselves are markedly 
seasonal (Section 3.4), it is possible that, even just three weeks before 
the onset of the rut, buck fertility is suboptimal. This consideration 
is of particular importance if earlier advancement of fertile oestrus is 
to be attempted in this species _and will be discussed further 1n 
Section 5.4. 
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Multiple ovulations are not common in fallow deer and consequently 
the natural incidence of twin foetuses is low (Harrison & Hyett, 1954; 
Armstrong et ~., 1969; Chapman & Chapman, 1969, 1975; Baker, 1973). 
Although high incidences of twin births (>30~) have been cited for some 
fallow deer populations in Germany (Ueckermann & Hansen, 1968), this has 
not been substantiated by more recent investigations of these populations 
(Reinken, 1977). Only one case of natural twinning occurred within the 
present study herd. In 1983, a two-year-old doe (W65) gave birth to 
non-viable «2.0 kg each) twin female fawns after a 236 day gestation. 
This doe had not been subjected to any hormonal treatment in that year 
and this appears to be the first documented case of twin births in 
New Zealand fallow deer. Two fallow does that had multiple ovulations in 
response to PMSG treatment conceived twin foetuses. One doe aborted 
after about 155 days, while the other gave birth to 2 non-viable fawns 
after 223 days. These examples suggest that fallow does have a poor 
ability to produce viable twins. Laster (1973) reported that a 20% 
abortion rate occurred in gonadotrophin treated cows between 81 and 104 
days of gestation and they had higher prenatal losses than observed in 
untreated controls. Furthermore, Gordon (1976) discussed the possibility 
that excessive progesterone output by multiple corpora lutea may affect 
pregnancy in cows. It is possible that this consideration also applies 
to fallow deer and may account for low apparent conception rates in 
induced multiple-ovulating red deer (Kelly et ~., 1982). 
In light of this, induction of multiple ovulations in fallow does by 
use of PMSG treatment may be counter-productive, even though the 
procedure may be applied solely for inducing earlier fawning. The use of 
lower dosage rates should be investigated in order to reduce the 
incidence of multiple ovulations and/or luteinized follicles. 
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The six control does in this study had ovulated by 10 April although 
they were not observed to exhibit first oestrus until 7 to 15 days later. 
This clearly indicates that a silent ovulation must have occurred before 
first oestrus and is in accordance with the study described in Section 
3.1, in which transient elevations of serum progesterone levels preceded 
first oestrus. However, the mean date of first oestrus of the control 
does was significantly earlier (although only by ~ days) than for 
untreated does in a concurrent trial (Section 5.1). This suggests that 
the occurrence of first oestrus within a mating group may be influenced 
by some of its members. In rats (McClintock, 1978, 1984), hamsters 
(Handelmann, Rivizza & Ray, 1980) and humans (McClintock, 1971; Graham & 
McGrew, 1980; Russ~ll, Switz & Thompson, 1980) females that live together 
synchronise their ovarian cycles. Similarly, in domestic ruminants such 
as sheep (Lindsay & Signoret. 1978) and goats (Pilsworth, 1982), the 
presence of induced oestrous females can stimulate oestrous activity in 
herd mates late in the non-breeding season. This also was observed in 
red deer hinds which had been run with other hinds treated with 
progesterone plus PMSG (Fisher & Fennessy, 1985). As with oestrus 
stimulation in ewes by the abrupt introduction of rams (Knight, 1983), 
these effects are probably mediated by priming pheromones. In the 
present study with fallow deer, the effect of herd mates on each other 
was only just apparent, nevertheless the possibility of involvement of 
pheromones may warrant their further investigation as tools for 
manipulating reproductive seasonality in this species. 
Induction of fertile oestrus in anoestrous fallow does with 
progesterone CIDRs plus PMSG does show some potential for application 
under intensive agricultural management regimens. However, further 
studies are required to elucidate the degree of advancement possible, the 
dosage of PMSG required to aChieve single ovulations only, and the means 
for achieving adequate conception rates. Studies on advancing the season 
of reproductive competence of sire bucks also may be required (see 
Section 5.4). 
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5.3 Induction of fertile oestrus in fallow does by using exogenous 
progesterone and gonadotrophin-releasing hOnlOne treatment 
5.3.1 : Introduction 
In ewes, the absence of ovulation during the anoestrous season is 
due to failure of follicular maturation, reflecting inadequate release of 
luteinizing hormone (LH) from the pituitary gland (Karsch, Goodman & 
Legan, 1980; Martin, 1984). LH release is stimulated by 
gonadotrophin-releasing hormone (GnRH) secreted from the hypothalamus and 
the lack of adequate LH release during anoestrus probably involves 
diminished GnRH secretion (Karsch, 1984). 
GnRH is secreted from the hypothalamus of the ewe in a pulsatile 
manner, in direct synchrony with LH secretory pulses it evokes from the 
pituitary gland (Clarke & Cummins, 1982; Levine et ~., 1982). In 
attempts to obtain lH secreto~ patterns in anoestrous ewes similar to 
those observed during the peri-ovulatory phase of the normal oestrous 
cycle, various researchers have imposed continuous pulse-injection 
regimens involving low doses (250 to 1000 Og) of GnRH given at 
approximately two-hourly intervals for 2 to 80 days (McNatty et ~., 
1981, 1982; Mcleod, Haresign & lamming, 1982a, 1982b), Preovulatory 
follicular development, ovulation and normal luteal function were induced 
by these regimens. However, prior treatment with progesterone (or 
.. primi ng") was necessary for the occurrence of oestrus (McNatty et ~., 
1981; McLeod, Haresign & Lamming, 1982 b). Similar GnRH regimens induced 
reproductive activity during post-partum anoestrous in cows (Riley, 
Peters & lamming, 1981) and restored sexual activity in seasonally 
inhibited rams (lincoln, 1979c). Furthermore, continuous pulse-injection 
regimes of LH also have reinstated reproductive activity in anoestrous 
ewes (McNatty et al., 1981, 1984; McNeilly, OIConnell & Baird, 1982), 
--
although long term treatment (up to 80 days) with LH was not as effective 
as similar treatment with GnRH for maintaining reproductive cyclicity 
(McNatty et !l., 1984). Following cessation of treatment with either 
GnRH or LH, ewes reverted to an anoestrous-anovular state (McLeod, 
Haresign & Lamming, 1982a, 1982b; McNatty et !l., 1984). 
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Knobil (1980) considered that the pituitary gland became refractory 
to chronic administration of GnRH. This was demonstrated in ewes treated 
with large doses (30 to 300 ~g) of GnRH (Crighton & Foster, 1976, 1977). 
, 
However, studies on progesterone-primed anoestrous ewes have demonstrated 
that a continuous low infusion rate (125 to 250 ng/h) of GnRH induced 
sustained elevations in basal plasma LH concentrations plus oestrus, 
ovulation and normal luteal development (McLeod, Haresign & Lamming, 
1983). 
Infusion technology has been advanced recently by the development of 
small osmotic pumps (Minipumps; Alza Corp., Palo Alto, California) which, 
when implanted into an animal, will deliver a contained solution at a 
constant rate for a minimum of seven days. By using this type of device 
Wright, Clarke & Findlay (1983) were able to administer a constant 
infusion of 62.5 or 125 ng/h GnRH to progesterone-primed anoestrous ewes. 
In doing so, they induced oestrus and ovulation which culminated with 
successful conceptions, thus demonstrating that the technique was 
applicable in field, as well as laboratory, situations. 
The present study investigated the induction of oestrus in 
seasonally anoestrous fallow does by means of continuous infusion of low 
doses of GnRH from osmotic minipumps. 
5.3.2 : Materials and methods 
Livestock and management: Fourteen non-lactating fallow does were 
allocated to a single mating group (Group 6) on 1 February 1984. Seven 
of the does had been run with a vasectomised buck during the 1983 
breeding season (Section 3.1) and were, therefore, not pregnant in that 
year~ The remaining seven does all fawned in December 1983 but had lost 
their fawns soon after birth. None of the does involved in the present 
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trial had shown any evidence of being reproductively abnormal. Doe ages 
and farms of origin are summarised in Table 5.7. 
A single, crayon-harnessed 26-month-old buck (G8) was introduced to 
the mating group on 7 February and remained with it until 3 May. 
Thereafter, the does were grazed with other does from completed trials 
and a single, crayon-harnessed buck (Or9) until 30 May. 
Table 5.7 	 Age and farm of orlgln of the 14 fallow does treated with 
progesterone CIDRs plus GnRH infusion (Group 6). 
Doe age in March 1984 (months) 
Farm of origin 27 39 Total 
KFF 5 4 9 

IARC 2 3 5 

Total 	 7 7 14 
Treatment: On 7 February, each doe in Group 6 received an intravaginal 
progesterone CrDR (refer to Section 3.2 for details of the devices). On 
20 February, the CIDRs were removed and a single osmotic minipump (Model 
2001 Alzet Mini-Osmotic Pump, Alza Corp., Palo Alto. California), 
containing either a high (n=7) or low (n=7) concentration solution of 
synthetic GnRH (MW=1182.39; Peninsula Laboratories. Belmont. California), 
was implanted subcutaneously in the neck of each doe. The expired 
minipumps were removed on 9 March. 
The mean (±sd) infusion (delivery) rate from the minipumps was 
1.07±0.04 ~l/h and the mean total fill volume was 238.5~.9 ~ (Alza 
Corp.; quality control description of the batch used in this study). 
giving an effective infusion period of about nine days. Two 
concentrations of GnRH, 250 ~g/ml and 125 ~/ml, were made up in 0.9% 
saline solution + O.75~ bovine serum albumin (Sigma Chemical Co., USA). 
The mini pumps were loaded two hours before implantation and the 
calculated GnRH infusion rates were 250 ng/h ("high") and 125 ng/h 
("low"), respectively. 
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Oestrous detection: Visual observations of the does to detect oestrous 
behaviour and record crayon mating marks (Section 1.3.3) were conducted 
at frequent intervals from the observation tower throughout the daylight 
hours from 20 February to 27 February inclusive. Thereafter, 
observations were conducted at least twice daily while the buck was 
present with does. 
Blood sampling: From 1 February to 15 March the does were yarded and 
blood sampled (Section 1.3.3) every two days. Thereafter, until 28 March 
they were blood sampled weekly. 
Progesterone analyses: A total of 320 serum samples were analysed for 
levels of progesterone (Section 1.3.4) in three assays. 
Statistical analyses: Differences between mean times of oestrus 
following CIOR removal and between mean dates of oestrus were tested with 
Student1s t-test. Variation about the mean is indicated in the text by 
the standard deviation unless otherwise indicated. 
5.3.3 : Results 
Occurrence of oestrus and conception : One doe had lost its CIOR by the 
day of minipump implantation (low dose GnRH group) and subsequently 
failed to exhibit oestrus during the early trial period. Six of the 13 
remaining does (46.2%) were observed to exhibit oestrus between 71 and 
120 hours following CIDR removal (23-25 February). The mean (±Sd) 
interval from CIDR removal to oestrus was 91.7ti7.1 hours and was 
significantly (P<0.05) longer than for induced does in the trials 
described previously (Sections 3.2 and 5.2). One out of six does (16.7%) 
which received the low dose GnRH infusion and five out of seven does 
(71.4%) treated with the high dose exhibited oestrus. The pattern of 
occurrence of oestrus is presented in Figure 5.4(a). 
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Almost all the does (13/14; 92.9%) exhibited a return oestrus 
between 16 and 29 April inclusive indicating that they probably did not 
conceive in response to GnRH treatment in February. The mean (±Sd) date 
of occurrence of this oestrus was 23.5 April ~.2 days and was not 
significantly different (P>O.l) from the mean date of first oestrus of 42 
untreated does (mean = 25.9 April±4.0 days) in another trial (Section 
5.1). 
Only one doe, which received the high dose of GnRH, conceived at the 
induced oestrus on 23 February, subsequently giving birth to a viable 
(3.6 kg) female fawn on 21 October (241 days gestation), which is about 
six weeks earlier than the start of the natural fawning season. The 
remaining does all conceived at their spontaneously occurring oestrus in 
April and gave birth following normal gestating periods. 
Progesterone profiles: The mean serum progesterone profile of the five 
does that exhibited oestrus during GnRH treatment but failed to conceive 
at that oestrus, is presented in Figure 5.4(a). Mean levels during the 
period of CIDR insertion were similar to those reported from other trials 
(Sections 3.2 and 5.2). Following induced oestrus, mean serum 
progesterone levels increased from -D.5 ng/ml to maximum levels of 
-3.8 ng/ml over 14 days and thereafter declined over the next six days. 
This profile was similar to that reported for normal oestrous cycles 
during the breeding season (Section 3.1), however, in the present trial 
there was no evidence of recurring oestruses until April nor were there 
any further cyclic elevations of serum progesterone levels within the 
blood sampling period. 
The serum progesterone profile following CIDR removal of the doe 
that conceived at induced oestrus (Figure 5.4(a)) was similar to that of 
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Figure 5.4 	 Profiles of mean (±sem) serum progesterone levels of fal low 
does, recorded during the latter stage of the anoestrous 
season. Occurrence of oestrus is displayed as a vertical 
bar graph and the periods of treatment with intravaginal 
CIORs and GnRH minipumps are indicated by horizontal bars. 
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the non-conceiving does except that serum progesterone levels remained 
elevated (>3.0 ng/ml) after the induced oestrus. 
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Mean serum progesterone levels of does that were not observed to 
exhibit oestrus following treatment (Figure 5.4(b)) also were elevated 
during the period of CIDR insertion. However, mean levels following CIDR 
removal and minipump implantation were uniformly low «1.0 ng/ml). 
The doe that lost its CIDR prior to minipump implantation had an 
elevated serum progesterone levels on the day after CIDR insertion but 
subsequent levels were low «1.0 ng/ml; Figure 5.4 (b)). 
5.3.4 : Discussion 
This trial has demonstrated that oestrus can be induced in 
non-lactating fallow does as early as six weeks before the natural rut by 
using a regimen of exogenous progesterone treatment followed by 
continuous infusion of sub-microgramme doses of GnRH. The use of 
non-lactating does in the trial was necessary as the presence of young 
fawns would have impeded the frequent yarding and handling required for 
applying hormonal treatments and for blood sampling. The results, 
therefore, do not necessarily pertain to lactating does. Although there 
is presently no information on the occurrence of lactational anoestrus, 
as distinct from photoperiodically-mediated anoestrus, in fallow deer, 
there are suppressive effects of lactation on fertility of red deer hinds 
in suboptimal habitats (Mitchell & Lincoln, 1973; Guinness et ~., 1978; 
Clutton-Brock et ~., 1983) or on low planes of nutrition (Loudon, 
McNeilly & Milne, 1983). However, these effects have not been observed 
in red deer on higher planes of nutrition (Hamilton & Blaxter, 1980). 
In untreated fallow does, the trial period represents the latter 
portion of the anoestrous season as there is not usually any ovulatory 
activity until about three weeks before first overt oestrus in mid April 
(Section 3.1). Although no control does were included in the trial, it 
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is unlikely that untreated does, or does treated with progesterone CIDRs 
only, would have exhibited oestrus or ovulated during the trial period. 
Of the six does that exhibited oestrus and apparently ovulated, as 
indicated by serum progesterone levels, five were those treated with the 
higher rate of GnRH infusion (250 ng/h). This supports the view that the 
response was dose related, with the lower infusion rate (125 ng/h) being 
generally inadequate for stimulating an oestrous and ovulatory response. 
Of 34 red deer hinds treated with progesterone CIDRs followed by various 
infusion rates of GnRH via osmotic mini pumps, 13 (38.2%) ovulated, with 
low infusion rates (63 and 125 ng/h) being less effective than higher 
infusion rates (250 to 800 ng/h; Fisher & Fennessy, 1985). Although the 
effective dosage for GnRH infusion can not be determined precisely from 
these studies on deer, a range around 250 ng/h seems to produce adequate 
stimulation of the pituitary gland. In contrast, sheep respond to lower 
infusion rates of GnRH (Wright, Clarke & Findlay, 1983). High dosages of 
GnRH in sheep caused down-regulation of receptors so that there was no 
response (Crighton & Foster, 1976, 1977), but this was at higher dosages 
than used with fallow deer in the present study or by FiSher & Fennessy 
(1985) with red deer. 
The six fallow does that were observed to exhibit oestrus, showed 
evidence of ovulation and subsequent normal luteal function by exhibiting 
either, a progesterone secretion profile (n=5) similar to that observed 
during the oestrous cycle of fallow does during the breeding season 
(Section 3.1), or sustained high serum progesterone levels (n=l) as a 
result of conception (Figure 5.4(a)}. In these cases the pituitary 
stimulation achieved by the imposed GnRH infusion regimen was clearly 
sufficient for development of viable corpora lutea. In contrast, the 
remaining seven treated does (this excludes the doe that lost its CIDR) 
that were not observed to exhibit oestrus showed no evidence of normal 
luteal function following the treatment, and indicate that for these does 
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there was insufficient pituitary stimulation by the exogenous GnRH. This 
aspect could be resolved with more clarity in future studies by 
investigating the LH secretion pattern from the pituitary in response to 
various GnRH infusion rates. 
Induced oestrus occurred between 71 and 120 hours after CIDR 
removal. The mean interval to oestrus was significantly longer than 
recorded from does treated with progesterone CIDRs plus PMSG three weeks 
before the breeding season (Section 5.2) and does treated with 
progesterone CIDRs alone during the breeding season (Section 3.2). While 
the different intervals to oestrus may reflect the different hormone 
treatments there may also be seasonal differences in behavioural and 
hormonal responses to progesterone withdrawal. 
The five does that exhibited elevated serum progesterone levels 
following induced oestrus reverted to an anoestrous and anovular state 
following the apparent regression of the induced corpus luteum. This was 
indicated by their fa; lure to exhibit further serum progesterone cycles, 
and ;s in accordance with studies utilising pulsatile administration of 
GnRH to anoestrous ewes (McLeod, Haresign & Lamming, 1982a, 1982b; 
McNatty et !l., 1984) and progestagen plus PMSG induction of oestrus and 
ovulation in anoestrous red deer hinds (Adam, 1983; Adam, Moir & 
Atkinson, 1985). It clearly indicates that outside the breeding season, 
treatments which induce oestrus will not necessarily initiate recurring 
reproductive cyclicity and, therefore, may not advance the breeding 
season. For earlier dates of fawning to eventuate from such treatments, 
conception must occur at the induced oestrus. 
In the present study, reproductive competence and cyclicity was 
spontaneously reinstated in 13 out of 14 does during the normal breeding 
season, six weeks later. The one exception was the doe that conceived at 
induced oestrus. This low conception rate (16.7%) of does following 
induced oestrus in this study is in accordance with the low conception 
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rates (15.0%) following progesterone plus PMSG treatment (Section 5.2). 
However, two pOints should be noted. First, induction of oestrus 
occurred earlier than in the previous trial with progesterone plus PMSG 
treatment. It is. therefore, even more likely in this case that the buck 
was of suboptimal fertility and libido. Only one mating (copulation) was 
observed and it is possible that the buck may have detected and marked 
oestrus in the other does but did not complete the act of copulation. 
This suggests that studies on advancement of seasonal reproductive 
competence of males are warranted. 
Secondly, as the ovaries of the treated does were not examined by 
laparoscopy, there is no guarantee that ovulation actually occurred in 
the five does that exhibited a serum progesterone cycle following induced 
oestrus. It is possible, although unlikely, that the serum progesterone 
levels observed were a result of secretion by non-ovulating luteinized 
follicles. However, such structures were small in another study (Section 
5.2) and it is unlikely that a single luteinized follicle has enough 
luteal mass to secrete the quantities of progesterone observed in the 
sera of GnRH treated does. Furthermore, as there is no indication that 
the GnRH treatments result in superovulation of monovular species (e.g. 
red deer; Fisher & Fennessy, 1985) or the recruitment of numerous 
preovulatory follicles in ewes (McLeod, Haresign & Lamming, 1983), it is 
unlikely that the observed serum progesterone levels could have arisen 
from multiple luteinized structures within the ovaries. 
The treatment of anoestrous fallow does with progesterone CIDRs 
followed by continuous infusion of GnRH via subcutaneously implanted 
osmotic minipumps shows considerable promise for the induction of fertile 
oestrus. However, further studies will need to investigate different 
GnRH infusion rates for an optimal oestrus-ovulation response. 
Furthermore, studies on the advancement of reproductive competence in 
sire bucks may be required to provide a full picture of what is needed 
for earlier fawning in this species. 
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5.4 Effects of daily oral administration of .elatonin on reproductive 
seasonality of entire fallow bucks 
5.4.1 : Introduction 
The importance of the constant seasonal variation of the daily 
light:dark ratio in mediating the timing of annual reproductive cycles of 
many non-equatorial mammalian species has long been recognised; either 
from the relationship observed between photoperiod and sexual activity or 
by the results of experimental photoperiodic manipulation (Thibault 
et ~., 1966). The generally accepted hypothesis that the strict 
seasonality of reproduction in fallow deer is mediated by the prevalent 
photoperiodic regimen (Chaplin & White, 1972; Chapman & Chapman, 1975; 
Eaton, 1980) has been inferred largely from experiments on red deer 
(Jaczewski, 1954) and sika deer (Goss, 1969a, 1969b, 1976, 1983) in which 
artificial photoperiodic regimens were observed to alter the timing of 
the annual antler and testicular growth cycles of males. It has been 
further argued that it is the altered phase of the ambient photoperiodic 
regimen which is responsible for the six month displacement in 
reproductive seasonality of fallow deer transferred between northern and 
southern hemispheres (Chapman & Chapman, 1975). 
A number of recent studies in sheep have attempted to simulate a 
physiological "short-day" state by artifically elevating blood melatonin 
levels for several hours before and up to when endogenously elevated 
nocturnal levels occur. This has been achieved by administering 
exogenous melatonin, either orally (Kennaway, Gilmore & Seamark, 1981, 
1982a; Arendt et ~., 1983; Symons, Arendt & Laud, 1983) or via 
subcutaneous injections (Kennaway & Seamark, 1980; Nett & Niswender, 
1982). In seasonally anoestrous ewes, such treatments have resulted in 
lowered blood prolactin levels (Kennaway, Gilmore & Seamark, 1981, 1982a; 
Symonds, Arendt & Laud, 1983) and induction of oestrous and ovulatory 
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activity (Nett & Niswender, 1982; Arendt et !l., 1983). Furthermore, 
recent studies have shown that constant release implants of melatonin 
reduced blood prolactin levels in ewes (Kennaway, Gilmore & Seamark, 
1982b,; Kennaway et !l., 1983) and, in rams exposed to long daily 
photoper;ods, induced reproductive changes normally associated with 
exposure to short daily photoperiods (Lincoln & Ebling, 1985), indicating 
that continuously elevated blood melatonin levels were as effective as 
timed daily administration of melatonin in this instance. 
Daily administration of exogenous melatonin to seasonally anoestrous 
or prepubertal red deer hinds has been observed to reduce serum prolactin 
levels and induce premature pelage changes (Webster & Barrell, 1985), 
advance the onset of oestrous and ovulatory activity (Adam & Atkinson, 
1984; Webster & Barrell, 1985; Nowak, Elmhirst & Rodway, 1985) and 
advance the calving season (Webster & Barrell, 1985). Furthermore, daily 
oral administration of melatonin to white-tailed deer bucks (Bubenik, 
1983; Bubenik & Smith, 1985) and red deer stags (Adam & Atkinson, 1984), 
and administration of constant-release implants of melatonin to red deer 
stags (Lincoln, Fraser & Fletcher, 1984) have been observed to advance 
antler mineralisation and, in red deer stags, rutting behaviour. 
The present study describes the effects of daily oral administration 
of exogenous melatonin during a 45 day period in summer on reproductive 
function in entire fallow bucks. 
5.4.2 : Materials and methods 
Livestock and management: Twenty one entire polled fallow bucks, 22 
months of age at the start (October 1983) of the monitoring period (13 
months) were allocated to three equal sized groups (n=7; Groups A, Band 
C) on 22 November 1983. Between this date and 14 January 1984 (54 days) 
the three groups were grazed on separate 0.25 ha paddocks but at all 
other times they were grazed as a single group with 11 prepubertally 
castrated bucks (refer to Section 3.4). Due to a potential requirement 
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for additional sire bucks for other trials in 1984, it was considered to 
be prudent to place several of the larger fertile bucks and two 
vasectomised bucks into the control group (Group C) as there was no 
guarantee that their reproductive competence would not be compromised if 
they had been placed in the melatonin treatment groups. As a result, the 
pre-treatment (22 November) mean (±Sd) liveweight of the control bucks 
(51.2±2.2 kg) was slightly. but not significantly (P>O.I; Student's 
t-test). larger than that of bucks in Group A (49.1 ±3.1 kg) and Group B 
(49.7±1.6 kg). 
Melatonin pellets: Crystalline melatonin (Sigma Chemical Co., USA) was 
dissolved in ethanol and the solution sprayed onto a pelleted 
lucerne-based concentrate (Deer nuts; Northern Roller Mills Feeds Ltd, 
Auckland. NZ) at two rates; 2.5 mg melatonin/lOO g of feed ("low") and 
10.0 mg melatonin/lOO g C'high"). The pellets containing absorbed 
melatonin were apportioned into daily group allowances (1.4 kg :: 200 g 
per buck) and stored at -10°C until required. 
Treatment: At 1530 h daily from 22 November to 14 January 1984. pellets 
were offered to the bucks at a rate of 200 g per buck. During a 45 day 
treatment period between 1 December 1983 and 14 January 1984 (Figure 
5.5). Group A bucks received "low" concentration melatonin pellets (5 mg 
melatonin per buck). Group B bucks received "high" concentration 
melatonin pellets (20 mg melatonin per buck) and Group C continued to 
receive untreated pellets. The pellets were fed out in long (5 m) wooden 
troughs and care was taken to ensure that all bucks obtained an equal 
portion of the pelleted ration. 
The timing of daily melatonin administration was intended to 
simulate during summer the physiological effects of the natural 
photoperiod which would occur during the rut in autumn (i.e. -12 h; 
Figure 5.5). 
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daylight curve, indicating the "simulated photoperiod". 
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Blood sampling, weighing and neck girth measurements: Blood samples were 
collected (Section 1.3.3) at approximately fortnightly intervals from 
October 1983 until June 1984 (the period spanning the rut) and thereafter 
at monthly intervals. The bucks also were weighed (Section 1.3.3) and 
their neck girth, immediately cranial to the larynx, was recorded using a 
plastic measuring tape. 
Testicular measurements and semen collection: At approximately 
two-monthly intervals, the non-vasectomised bucks were heavily sedated 
with an i.m. injection of xylazine/ketamine mixture (Section 1.3.3). 
Lateral testicular diameter was measured using electronic calipers and 
the bucks were electro-ejaculated as described in Section 3.4.2. 
Semen appraisal : Ejaculate volume. spermatozoal concentration. 
spermatozoa per ejaculate and the percentage of motile spermatozoa were 
measured. as described in Section 3.4.2. 
Testosterone analyses : In addition to the 380 serum samples analysed for 
the control bucks as described in Section 3.4.2. a further 300 serum 
samples from treated bucks were analysed for levels of testosterone in 
six successive assays (Section 1.3.4). 
Statistical analyses: Univariate analysis of variance (Genstat). in 
which variates significantly correlated with liveweight (i.e. neck girth) 
were simultaneously adjusted by covariance to a pre-trial (October 1983) -
liveweight and current liveweight. was performed to examine differences 
between treated and control groups on each sampling date. Where F values 
indicated significant differences. individual means were compared by 
Student's t-test. Serum testosterone data were subjected to logarithmic 
transformation prior to the analysis. 
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The results are presented as seasonal profiles of group means of 
liveweight-adjusted (necK girth) or non-adjusted (all other parameters) 
data, with variance indicated by standard errors of the mean. 
5.4.3 : Results 
The data for the two melatonin treatment groups (A & B) were pooled 
as there were no significant differences (P>O.l; ANOVA) for any of the 
parameters measured on any sampling date. As the seasonal changes in 
means for these parameters have been discussed previously with respect to 
the control group (Section 3.4) the results presented in this section 
will be confined mainly to differences between treated (n=14) and control 
(n=7) bUCKS at specific sampling dates. 
Liveweights Seasonal profiles of mean liveweights for treated and 
control bucks are presented in Figure 5.6. The initial liveweight bias 
(mean±sd for control bucks on 22 November = 51.2±2.2 Kg and for treated 
bucks = 49.4±2.4; P>O.l), which favoured the control bucks persisted 
throughout much of the trial period. On the three post-treatment 
weighing dates during the period from 27 February to 26 March inclusive, 
the mean liveweights of the control bucks were significantly heavier than 
those of treated bucks (P<O.05). However, at all other weighing dates, 
the differences between mean liveweights were not significant (P>O.l). 
Neck girth: Neck girth measurements were significantly correlated with 
individual liveweights on each sampling date (P<O.05; ANOVA). To remove 
any difference between treated and control bucks that was due to the 
difference in initial liveweights between groups and simultaneously to 
remove the effects of changing liveweight, the neck girths were 
individually adjusted by covariance to the October 1983 (pre-trial) 
standard liveweight and current liveweight. Seasonal profiles of mean 
adjusted neck girth are presented in Figure 5.6. Mean adjusted neck 
girths of the treated bucks were significantly larger {P<O.05; Student's 
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t-test) than those of the control bucks on the three sampling dates 
between 12 January and 7 February inclusive: this being the three week 
period which spanned the cessation of melatonin treatment. At all other 
sampling dates, the differences between mean adjusted neck girths were 
not significant (P>O.1). 
Serum testosterone levels: Mean serum testosterone profiles are 
presented in Figure 5.6. The patterns for both groups of bucks exhibited 
erratic increases from basal levels (>0.5 ng/ml) in November 1983 to 
maximal levels (8 to 12 ng/ml) just prior to the rut in April 1984. 
Thereafter, mean serum testosterone levels declined back to basal levels 
by November 1984. At no time during the study period were there 
significant differences (P>0.1; ANOVA) between mean serum testosterone 
levels of the treated and control bucks. However, there was an apparent 
elevation of mean serum testosterone levels of the treated bucks, 
relative to that of control bucks in J~nuary 1984, a period spanning the 
cessation of melatonin treatment. 
Testicular diameter: Mean testicular diameter profiles are presented in 
Figure 5.7. As individual measurements were poorly correlated with 
liveweight on each sampling date (P>0.1; ANOVA), covariance adjustments 
were not performed. Mean testicular diameter of treated bucks was 
highest on 25 January, the sampling date closest to the cessation of 
melatonin treatment. In contrast, mean testicular diameter of control 
bucks was highest on 26 March, the sampling date closest to the onset of 
the rut. The difference in mean testicular diameter between treated and 
control bUCKS was significant (P<0.05; Student's t-test) on 26 March, but 
there were no significant differences (P>0.1) at any other sampling date. 
Semen characteristics: Mean ejaculate volumes (Figure 5.7) were not 
significantly different (P>0.1) between treated and control bUCKS at any 
sampling date. In contrast, there were some major differences between 
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the two groups of bucks in mean number of spermatozoa per ejaculate, mean 
spermatozoal concentration and the mean percentage of motile spermatozoa 
(Figure 5.7). No viable spermatozoa were present in the eJaculates of 
control bucks (n=5) collected on 22 November 1983 and 25 January 1984 
(Section 3.4). However, semen collected from treated bucks (n;14) on 
25 January 1984 (immediately post-melatonin treatment) had mean values of 
-125 million spermatozoa per ejaculate, ~OO million spermatozoa per ml 
of ejaculate and -30X motile spermatozoa. Furthermore, while peak mean 
values of the various parameters were of similar magnitude for treated 
and control bucks, they tended to occur on different sampling dates 
(Figure 5.7). For instance, peak numbers of spermatozoa were recorded 
from ejaculates of treated bucks on 13 June but the corresponding peak 
for control bucks was recorded on 5 September. Also, the mean 
proportion of motile spermatozoa peaked earlier in semen of treated bucks 
although there was another peak of similar size coinciding with that of 
the control bucks. 
5.4.4 Discussion 
The various morphological and physiological parameters measured 
sequentially in this study exhibited marked seasonal variation in mean 
levels for both treated and control groups of bucks. These seasonal 
patterns have been discussed previously with respect to the control group 
(Section 3.4) and it can be assumed that the control bucks exhibited 
normal seasonal changes as they were not subjected to any hormonal or 
artificial photoperiodic treatment regimens. The seasonal profiles of 
melatonin treated bucks exhibited some marked deviations from those of 
control bucks, indicating that daily oral administration of melatonin 
during the long daily photoperiods (>16 h) of summer altered the 
development of seasonal reproductive competence of these mature fallow 
bucKs. This tends to implicate changing daily photoperiod and the pineal 
gland in the timing of the annual reproductive cycle of this species. 
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The mean liveweight of the treated bucks was slightly lower than 
that of the control bucks at the start of the treatment. While this may 
have introduced artifacts with respect to subsequent liveweight 
differences between the two groups, the allocation of larger bucks to the 
control group was unavoidable as the potential requirement for 
well-conditioned sire bucks, unaffected by hormonal treatments, had 
priority over the requirements of the present trial. As a consequence of 
the initial disparity in mean liveweight between the two groups, the 
statistically significant differences in mean liveweight observed in late 
February and March 1984 may not necessarily reflect a response to 
melatonin treatment. Nevertheless, although control bucks exhibited 
marked changes in mean liveweight during and after this period, the 
treated bucks maintained a relatively stable mean liveweight through to 
the middle of the rut period, thereafter the two groups of bucks 
exhibited parallel trends in liveweight. In rams, long term (3 to 5 
months) exposure to melatonin treatment eventually inhibited liveweight 
gains or resulted in liveweight losses in both adults and juveniles 
(Lincoln & Ebling, 1985). These investigators suggested that this 
condition may be due to reduced prolactin secretion which occurs as a 
result of melatonin treatment, as has been observed in sheep (Kennaway, 
Gilmore & Seamark, 1981, 1982a; Symonds, Adrendt & Laud, 1983) and red 
deer (Webster & Barrell, 1985). Furthermore, Ryg & Jacobsen (1982) found 
that administration of prolactin to young male reindeer in winter 
stimulated food intakes and growth, suggesting that prolactin may playa 
part in the growth surge that is associated with raised plasma prolactin 
in spring and summer. However, as serum prolactin levels were not 
measured in the present study on fallow bucks it is not possible to infer 
the role of prolactin on growth or the effects of melatonin treatment on 
prolactin secretion in this species. It should be noted also that the 
apparent differences in growth between the control and treated fallow 
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bUCKS occurred at least 45 days after the cessation of melatonin 
treatment; somewhat later than the occurrence of differences in other 
parameters. However, this does not eliminate the possibility of delayed 
effects of melatonin treatment on growth cycles. 
In an attempt to remove any possible liveweight artifacts, neck 
girth measurements were adjusted by covariance to a pre-trial liveweight 
and current liveweight. From these adjusted prof"iles it is clearly 
evident that development of this muscle responded to melatonin treatment, 
suggesting that this secondary sexual characteristic is sensitive to 
changing daily photoperiods. However, the response to the fairly short 
term (45 days) of melatonin treatment was transient and neck muscle 
development appeared subsequently to be halted for a short period (two to 
three weeks) after the cessation of melatonin treatment. Thereafter, 
neck development up to and beyond the rut period was not discernibly 
different from that of the control bucks. Lincoln, Fraser & Fletcher 
(1984) found that neck girths of red deer stags apparently increased 
during summer in response to -80 days of treatment with melatonin. 
However, neck girths were measured only once during this study. Instead, 
these investigators, and others (Bubenik, 1983; Adams & Atkinson, 1984; 
Bubenik & Smith, 1985), have relied on changes in antler mineralisation 
to indicate responses to melatonin treatment. As both neck muscle 
development (Lincoln, 1971b) and antler mineralisation (Bubenik et !l., 
1975; Muir, 1985) are believed to be under the influence of testicular 
androgens, it can be inferred that differences between melatonin treated 
and control groups of deer, for either of these two secondary sexual 
characteristics, reflect an influence of melatonin on androgen secretion. 
Although Lincoln, Fraser & Fletcher (1984) demonstrated, using 
luteinizing hormone (LH) challenge, a significant increase in mean 
testosterone levels which was associated with advanced antler 
mineralisation in the melatonin treated red deer stags, the present study 
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on fallow deer did not record significant differences in mean peripheral 
blood levels of testosterone between the treated and control bucks at any 
time during the 13 month study period. However, it should be noted that 
Lincoln, Fraser & Fletcher (1984) assessed testicular responsiveness to a 
gonadotrophin stimulus, whereas the present study relied upon 
testosterone levels of blood samples from unchallenged fallow bucks. 
Also, the profiles of mean serum testosterone levels depicted in Figure 
5.6 do not precisely reflect the pulsatile secretory pattern of 
testosterone because of the wide sampling interval utilised in this 
study. Nevertheless, the profiles do exhibit some apparent, though not 
significant, differences in mean serum testosterone levels between 
treated and control bucks. The temporary elevation of mean serum 
testosterone levels in treated bucks during the final phase of melatonin 
treatment and the immediate post-treatment period may indicate an 
advancement of the seasonal increase in secretion of androgens which was 
caused by exogenous melatonin. However, it should be noted that the data 
recorded here which pertain to this possibility are not strong enough to 
allow any firm conclusions to be made about the effects of melatonin on 
testosterone secretion in fallow bucks. 
Testicular diameter and spermatozoal production parameters were 
measured less frequently than were liveweight, neck girth and serum 
testosterone levels. In spite of this, and apart from ejaculate volume 
which was not seasonally variable for either group, some differences 
between melatonin treated and control bucks were apparent for mean levels 
of these parameters. The treated bucks exhibited an earlier attainment 
of peak mean testicular diameter. While this has been well documented 
for rams treated with melatonin implants during long daily photoperiods 
(Lincoln & Ebling, 1985) it was not observed in red deer stags likewise 
treated with melatonin (Lincoln, Fraser & Fletcher, 1984). However, 
testicular diameter measurements were recorded only once during that 
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trial. Oral administration of melatonin shifted some components of 
reproductive seasonality of red deer stags (Adam & Atkinson. 1984) and 
white-tailed deer bucks (Bubenik. 1983; Bubenik & Smith. 1985), but 
neither testicular size nor serum androgen levels were measured in these 
studies. 
Of particular relevance to the advancement of the breeding season in 
fallow bucks was the fact that the onset of reproductive competence, in 
terms of spermatozoal concentration, numbers of spermatozoa per ejaculate 
and proportion of motile spermatozoa, was advanced in the melatonin 
treated bucks. The appearance of viable spermatozoa in the ejaculates of 
treated bucks in mid January, immediately following the melatonin 
treatment regimen, was in stark contrast to the complete absence of 
viable spermatozoa in the ejaculates collected from control bucks on the 
same date, even though mean testicular diameter was increasing for both 
groups of bucks. No previous studies on deer or other domestic ruminants 
have investigated the effects of melatonin treatment on spermatozoal 
production and viability. 
As indicated by the concurrent return of all groups of bucks to a 
state of sexual quiescence by late November 1984, melatonin treatment did 
not have any discernible lasting effects on reproductive seasonality. In 
fact, the mean profiles of parameters such as adjusted neck girth and, 
perhaps, serum testosterone levels tend to suggest that the short term 
(45 days) of melatonin treatment induced only transient effects. 
Furthermore, it is possible that the cessation of treatment in this study 
during a relatively long daily photoperiod (>15 h) meant that the 
sexually inhibiting effects of the ambient photoperiod were temporarily 
reinstated. Although the supportive evidence is limited, there was some 
indication of a temporary check in neck muscle development following the 
apparently melatonin-induced advancement of neck development in the 
treated bucks. A similar event may have occurred also in the case of 
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testosterone secretion. Any short term inhibitory effects following 
cessation of melatonin treatment during long daily photoperiods were not 
apparent for mean testicular diameters or spermatozoal parameters. 
However, the long sampling intervals (~wo months) may have been 
inadequate for the demonstration of such effects of melatonin treatment. 
The phenomenon of "rebound" inhibition following the cessation of 
melatonin-induced stimulation of reproduction has not been recorded in 
previous studies on ruminants. 
Although the present trial on fallow bucks has indicated that 
melatonin treatment during long daily photoperiods can advance the onset 
of reproductive development, aspects of methodology need further 
investigation before commercial application of this technique is 
feasible. For instance, the cessation of melatonin treatment during 
relatively long daily photoperiods (e.g. 15 hours) may be 
counter-productive to any advancement exercise, as described above. This 
suggests that longer treatment periods are required and treatment may 
need to persist until the prevailing natural photoperiod eventually 
matches the simulated photoperiod. 
Oral administration of melatonin poses various problems. First, it 
is inconvenient as it requires a daily labour input. Secondly. unless 
administered to animals individually (e.g. Bubenik, 1983; Adam & 
Atkinson, 1984; Bubenik & Smith. 1985), there will be variation between 
animals in daily dosage rates. Dominant animals are likely to ingest 
larger quantities of melatonin-impregnated feeds than their subordinates. 
However, this did not appear to be a major problem ;n the present trial. 
The fact that both levels of melatonin treatment elicited similar 
responses even though bucks in this study were fed in groups suggests 
that, even at the low treatment rate, they were generally receiving 
adequate doses of melatonin. In fact, because of this, the higher 
treatment rate used here must have exceeded the dose required to produce 
the effects recorded and thus represented an extravagant use of the 
hormone. 
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Daily injection regimens (e.g. Webster & Barrell, 1985) may 
eliminate between-animal variation in melatonin dose rate, but involve 
considerable labour input and could place additional stresses on anima1s. 
Continuous-release implants may provide an alternative means for 
administering melatonin to deer. Studies on rams (Lincoln & Ebling, 
1985) and red deer stags (Lincoln, Fraser & Fletcher, 1984) have 
demonstrated that the continuous release of melatonin from subcutaneous 
silastic implants has similar effects on reproductive development to 
those produced by daily administration of this compound. The advantages 
of a treatment regimen based on implanted devices are obvious and this 
technology warrants further investigation. 
Commercial application of techniques for the administration of 
exogenous melatonin to advance the breeding season of deer may hold 
considerable appeal in that this putative pineal hormone appears to be a 
fundamental messenger for photoperiodic information in both sexes. Thus 
it is likely that melatonin treatments can be applied similarly to male 
and female deer for the induction of out-of-season breeding. However, 
this does not necessarily mean that treatment of both sexes 
simultaneously will result in alignment of their peaks of reproductive 
competence. Further studies are required to determine if there are 
sexual differences in the onset of reproductive responses to treatment 
with exogenous melatonin. 
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SECTION SIX 
GENERAL DISCUSSION AND SUMMARY 
GENERAL DISCUSSION AND SUMMARY 
-
Only within the last decade have fallow deer been intensively 
husbanded under pastoral grazing regimens. It is therefore not 
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surprising that the species has received little scientific scrutiny even 
though they are widely distributed in a feral state around the world. In 
establishing a research programme it was recognised that very little 
background information was available on any aspect of fallow deer 
reproduction. Therefore, it was necessary to undertake a number of 
separate studies designed to generate a general understanding of 
reproduction rather than concentrate efforts in one or two narrow aspects 
of the topic. In doing so, a number of interesting phenomena have been 
exposed and these provide the basis for further in-depth investigation. 
Detection of oestrus was the cornerstone of studies on reproduction 
of female fallow deer described in this thesis. Oestrous behaviour of 
fallow does (Section 4.2) was composed of a few distinctive behavioural 
elements which made the identification of oestrus a simple exercise. 
However. oestrus was apparently terminated at copulation and, therefore, 
persisted for an average duration of only -15 minutes (i .e. the duration 
of courtship). Thus, casual observations at infrequent intervals are 
unlikely to be coincidental with the display of mating behaviour. 
However, as a result of the high "mount-to-service" ratio exhibited by 
fallow deer during all observed mating sequences, there appears to be 
ample opportunity for crayon-harnessed bucks to effectively mark oestrous 
does. This is undoubtedly aided by the fact that fallow deer. unlike red 
deer, do not wallow in mud and therefore do not destroy the marking 
ability of the crayon. 
The studies in Section 3.1 have demonstrated a remarkable uniformity 
of oestrous cycle length in fallow does. This has important implications 
for future research. For example, the studies in Section 3.2 relied on a 
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predicted return to second oestrus at a 21 day interval from induced 
first oestrus. Thus it was possible to measure hormonal changes around 
spontaneous oestrus with an intensive blood sampling regimen of only 46 
hours duration. Furthermore, first oestrus of adult fallow does in the 
breeding season was naturally synchronised to within a 12 to 14 day 
period, possibly aided by the production of short-lived corpora lutea 
formed as a result of silent ovulations. Knowledge of oestrous cycle 
length and the occurrence of first oestrus has benefits for fallow deer 
farmers. It is common practice to allow does the opportunity to conceive 
at second or third oestruses should they fail to conceive at earlier 
oestruses. In single sire mating situations the sire buck is usually 
replaced with another buck after the period of either first or second 
oestrus, to ensure against poor mating performance or inferti lity of the 
initial buck. A knowlege of both the spread of first oestrus and the 
length of the oestrous cycle will aid the farmer with the timing of such 
management practices. Although it is unlikely that farmers will go to 
the trouble of detecting oestrus in does in order to establish the period 
of first oestrus matings, it is interesting to note that buck 
vocalisations (i .e. groaning) during the rut corresponded to the 
incidence of first oestrus matings (Section 4.1) and this provides a 
useful indicator to farmers of both the initiation and spread of first 
oestrus. 
Serum progesterone levels during oestrous cycles clearly related to 
luteal cycles (Section 3.1) and have proved to be useful for elucidating 
the degree of luteal development following various treatments deSigned 
to induce fertile oestrus (e.g. Sections 5.2 and 5.3). Serum 
progesterone levels may also be a useful indicator of third trimester 
pregnancy. Non-pregnant, acyclic fallow does exhibited low serum 
progesterone levels (i .e. <0.5 ng/ml) in October and November, whereas 
pregnant does exhibited high serum progesterone levels (i.e. >4.0 ng/ml) 
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at the same time (Section 3.3). However, due to the long season of 
cyclic luteal activity (April to early October), when serum progesterone 
levels of non-pregnant does clearly fluctuated. a single determination of 
serum progesterone level per doe will underestimate the number of 
non-pregnant does. 
One of the more interesting studies in this thesis relates to 
hormonal changes around oestrus (Section 3.2). Of particular importance 
was the marked elevation of serum androstenedione levels at the onset of 
oestrus and the failure to demonstrate a significant elevation of serum 
oestradiol-17e levels at the same time. This immediately raises 
questions about the hormonal control of oestrous behaviour in fallow 
does. The evidence strongly indicates that androgens may be more 
influential than oestrogens on such behaviour; this clearly being in 
conflict with published information on domestic ungulate species. 
However. there has been much speculation about the role of androgens in 
the ovine, bovine and equine oestrous cycle and much remains to be 
resol ved. If androgens are important "oestrus hormones" in cervids there 
are clearly important scientific and practical implications. For 
instance. active immunisation against androstenedione-conjugate. as is 
currently practised on some New Zealand sheep farms to increase ewe 
ovulation rates and litter size, may lead to disastrous effects in fallow 
does by disrupting the expression of oestrus. Further studies are 
required to investigate the potential role of other androgens and 
oestrogens in the oestrous cycle of fallow deer. 
The annual reproductive cycle of male fallow deer is described in 
Section 3.4. Of particular interest was the apparently close 
relationship between seasonal changes in mean serum testosterone levels 
and changes in mean neck girth, suggesting that neck muscles are 
sensitive to changing androgen levels and their annual cycle of 
hypertrophy and regression may be a useful indirect indicator of 
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steroidogenesis, much in the same way as antlers have been used for other 
cervid species. Secondly, the spermatogenic cycle, as indicated by the 
presentation of viable spermatozoa in ejaculates, exhibited an unusual 
annual pattern, with higher concentrations of viable spermatozoa 
occurring during the post-rut period. This is not in accordance with the 
few studies that have been performed on cervid species and deserves 
further in-depth investigation as it has direct significance for 
artificial breeding in fallow deer. The temporal inter-relationships 
between gonadotrophins and gonadal steroids in male fallow deer also 
warrant investigation as there was clearly a pulsatile secretion pattern 
evident for testosterone in the present study. However, this will 
necessitate more intensive blood sampling regimens than were used here. 
Clearly, artificial control of reproduction is an ultimate objective 
of reproductive studies in farmed deer. This includes advancement of the 
calving season and artificial breeding. The studies described in Section 
5 investigated the effectiveness of conventional techniques of inducing 
earlier attainment of seasonal reproductive competence of female 
(Sections 5.1 to 5.3) and male (Section 5.4) fallow deer. The study in 
Section 5.1 failed to demonstrate a "buck effect" with fallow deer. 
However, there were some major methodological limitations to this study 
and it is not possible to state categorically that male pheromones are 
not influential on the control and timing of oestrus and ovulation in 
female fallow deer. In fact, in the following study (Section 5.2) there 
was evidence that induced oestrous females may themselves have influenced 
the onset of oestrus in untreated females, presumably via a 
pheromone-mediated mechanism. The potential uses of "social 
f acil itat; on" effects to advance or synchroni se oestrus of commerci ally 
farmed fallow deer warrants further investigation. 
On the other hand, control of oestrus and ovulation using exogenous 
hormone treatments may have considerable practical application. Clearly, 
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timed withdrawal of an exogenous source of progesterone can be used to 
mimic a normal luteal cycle in fallow deer (Sections 3.1~ 3.2, 5.2 and 
5.3). Furthermore~ CIDRs seem particularly well suited for use in this 
respect as their retention rate was excellent. The use of 12% 
progesterone CIDRs alone is adequate for the induction of a highly 
synchronised oestrus within the breeding season {Section 3.1 and 3.2}. 
However, it is unlikely to be successful during anoestrus and 
gonadotrophin support is required. To this end, injection of PMSG (500 
i.u.) or continuous infusion of GnRH (250 ng/h)~ following CIDR removal, 
appears to induce fertile oestrus during the latter phase of the 
anoestrous season. However~ the induction of multiple ovulations by PMSG 
and the apparently low conception rates following both treatments are 
undesirable and indicate that these procedurs warrant further 
investigation. 
The use of melatonin treatment to advance reproductive competence of 
fallow bucks (Seetin 5.4) shows considerable promise, although daily oral 
administration of melatonin is fairly impractical. Future studies could 
profit from investigating constant-release implants or even the effects 
of active immunisation against melatonin. Melatonin treatments hold 
considerable appeal because this hormone is probably a fundamental 
mediator of photoperiodic effects in both sexes and, therefore, one 
treatment regimen may be sufficient to advance concurrently reproductive 
seasonality in bucks and does. 
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APPENDICES 
Appendix 1 : Buffered solutions used in radioimmunoassays 
(1) 0.01 M PBS (Phosphate buffered saline solution) 
pH = 7.0 
g/litre of solution (distilled H20) 
0.270 9 KH2P04 
0.284 9 Na2HP04 anhydrous 
9.000 9 NaCl 
0.370 9 EDTA 
1.000 9 NaN 3 
(2) 0.05 M PBS (Phosphate buffered saline solution) 
pH = 7.0 
g/litre of solution (distilled H20) 
1.350 9 KH 2P04 
1.420 9 Na2HP04 anhydrous 
45.000 9 NaCl 
1.850 9 EDTA 
1.000 9 NaN 3 
(3) 0.005 M PBS (Phosphate buffered saline solution) 
pH = 7.0 
g/litre of solution (distilled H20) 
o.IaS' 9 KH2P04 
0.'1,2. 9 Na 2HP04 anhydrous 
4.5'00 9 NaCl 
O. HIS" 9 E DT A 
1.000 9 NaN 3 
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(4) Buffer A + gelatin 
pH = 7.0 
g/litre of solution (distilled H20) 
6.100 9 NaH 2P04.H20 
8.680 9 Na 2HP04 anhydrous 
9.000 9 NaCl 
1.000 9 NaN 3 
1.0 9 gelatine (predissolved in H20) 
(5) 0.07 M Veronal buffer 
pH = 8.5 
g/litre of solution (distilled H20) 
14.43 9 (C2H5)2C.CONH(ONa):NCO 
(= sodium barbitone) 
buffered with HCl to pH 8.5 
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fallow does durinAppendix 2 
(al 	 Group 1 does (n=14). Serum progesterone profiles from daily blood 
sampling during the first and second oestrous cycles. Arrows 
indicate oestrus. 
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(b) Group 2 does (n=14). Serum progesterone profiles from 3-day blood ' 
sampling over the entire breeding season. Arrows indicate oestrus. 
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